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Glossary 
Below is a compilation of the different technical terms or abbreviations developed throughout 
this work: 
 
- ABL: Automatic Bed Levelling (ABL) helps improve the quality of printing and bed adhesion 
by taking several measurements of the bed surface and then adjusting all movement to follow 
the tilt or contours of the bed. 
 
- ABS: Acrylonitrile Butadiene Styrene. ABS is the second most widely used plastic in 3D FFF 
printing. 
 
- ASA: Acrylonitrile Styrene Acrylate. It is very similar to ABS, but with one key difference: it is 
resistant to ultraviolet light. 
 
- Backlash: Backlash is a 3D printing trouble due to slack in the drive systems for the x and y 
axis. When printing a 3D object, the print head moves in various directions along the x and y 
axis. 
 
- Bowden: A Bowden extruder is a type of filament feeding mechanism used in many FDM 3d 
printers that pushes filament though a PTFE (Teflon) tube to the hot end. 
 
- CAD: Computer-Aided Design software is used to create precision drawings (2D or 3D).  
 
- CNC: CNC stands for "computer numerical control". On a CNC machine, contrary to a 
conventional or manual machine, a computer controls the position and speed of the motors 
that drive the machine's axes. 
 
- DC: Direct Current, as opposed to Alternating Current (AC), is the continuous flow of electrons 
through a conductor between two points of different potential. 
 
- Delta: Delta Robot is a type of parallel robot with three degrees of freedom. 
 
- DLP: Digital Light Processing printer solidifies photosensitive resin. 
 
- Dry Box: A dry box is a storage container in which the interior is kept at a low level of humidity. 
 
- E3D V6: It is one of the most widespread Hot end models in the world of 3D printing. 
 
- EBM: Electron Beam Melting printer selectively melts metal powder. 
 
- EMI: Electromagnetic interference, also called radio-frequency interference (RFI). 
 
- ESD: Electrostatic discharge. These are momentary unwanted currents that circulate between 
two objects of different potential and can cause damage to electronic equipment. 
 
- FFF/FDM: Fused Filament Fabrication printer uses an additive function, depositing the 
material in layers, to conform the part. Also known as Fused Deposition Modelling. 
 
- Flow rate: The flow is the volume of filament that passes through the extruder according to 
the printing parameters selected to make a model. 
 
- Flyback diodes: A flyback diode is a diode connected through an inductor used to eliminate 
flyback, which is the sudden peak voltage seen through an inductive load when its supply 
current is suddenly reduced or interrupted. 
 
- GCODE: The G-code, also known as RS-274, is a language by which computer-controlled 
machine tools can be commanded what to do and how to do it. 
 
- HIPS: High Impact Polystyrene is a dissolve-able filament that is frequently used as support 
material. 
 
- Hot end: The hot end is the final part of the extruder, which melts the filament and deposits it 
on the printing surface. 
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- Heat bed: A heated build platform (HBP) improves printing quality by helping to prevent 
warping. As extruded plastic cools, it shrinks slightly. 
 
- I/O: Input/output is used to describe any program or device that transfers data from a computer 
to a peripheral device. The computer's CPU handles all I/O operations. Each transfer is an 
output from one device and an input to another. 
 
- MK8: It is the most widespread extruder model in FDM technology. It feeds the hot end by 
passing the filament between a drive gear and a solidary pulley. 
 
 
- NEMA (17): NEMA 17 is a stepper motor from the National Electrical Manufacturers 
Association. Where NEMA is an agency that sets the electrical standards for the United States. 
 
- NPN: The NPN transistor, like the PNP, is an electronic device that is composed of three 
interconnected (N-P-N / P-N-P) semiconductor regions.  This element therefore has three 
connection pins. The transistor is bipolar. PN or NP joints are made of semiconductor 
materials. 
 
- PA12: Also known as Nylon 12 is a 3D filament made of polyamides. 
 
- PC: Polycarbonate is a kind of 3D filament used for high impact applications. 
 
- PCB: Printed Circuit Board is the surface made up of conductive material tracks laminated on 
a non-conductive base. The printed circuit board is used to connect electrically through the 
conductive tracks, and mechanically hold, through the base, a set of electronic components. 
 
- PLA:  Polylactic acid is a vegetable-based plastic material, often made of corn-starch 
commonly used for FDM. 
 
- PP: Polypropylene filament is a semi crystalline thermoplastic used in Fused Filament 
Fabrication. 
 
- PTFE: Polytetrafluoroethylene, better known by the trade name Teflon, is a polymer similar to 
the polyethylene used in the 3D printing world. 
 
- PTEG: Polyethylene Terephthalate Glycol. It is a filament increasingly used in the world of 3D 
printing for applications that require flexibility but also durability.  
 
- PVA: Polyvinyl alcohol. The PVA filament is made of a water-soluble polymer that is ideal for 
use as a support material. 
 
- PWM: Pulse Width Modulation of a signal or power source is a technique in which the duty 
cycle of a periodic signal is modified, either to transmit information through a communications 
channel or to control the amount of energy sent to a load. The TTL is the same but with 5V 
instead of 12V. 
 
- RepRap: The RepRap Project is an initiative to create a self-replicating machine that can be 
used for rapid prototyping and manufacturing. 
 
- SBC: Single Board Computers, in contrast to traditional computers, contain all or most of the 
components of a computer just in a small motherboard. 
 
- SCARA: A Selective Compliant Assembly Robot Arm is a robot with four degrees of freedom 
with horizontal positioning. 
 
- SLA: Stereolithography is the first prototyping technology. It is used to produce models, 
prototypes, patterns, or final parts. 
 
- SLM: Selective Laser Melting technique designed to use a high power-density laser to melt 
and fuse metallic powders together. 
 
- SLS: Selective Laser Sintering fuse tiny particles of plastic, ceramic or glass by heat from a 
high-power laser to form a solid. 
 
- SSR: A solid state relay is an electronic switching device that toggles the current flow when a 
small electrical signal is applied to its control terminals. 
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- TPE: Stands for Thermoplastic Elastomer. It is the flexible material most popular used in FDM 
technology printers. 
 
- Transistor: The transistor is a semiconductor electronic device used to deliver an output 
signal in response to an input signal. It acts as an amplifier, oscillator, switch or rectifier. 
 
- Wobble: Wobbling is a 3D printing error caused by the movement of the vertical axis when it 
is loose. This is because with use, the rod takes on natural deformation and then causes it to 
make a circle instead of rotating on itself. 
 
- Wrapping: Warping is a phenomenon that occurs in material deposition technologies when 
material cools down fast. An elevation of the lower layers, starting from the first layer attached 
to the bed, deforms the base and raises the upper layers.  
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Chapter I 
Introduction 
 
This project consists of designing and building a 3D printer implementing a computer 
numerical control (CNC) machine. 
 
1.1. Aim 
It is aimed on the one hand, to make this design and construction at the lowest possible cost 
while maintaining optimum performance with acceptable results and performance compared 
to commercial models. 
 
On the other hand, it is intended to improve the initial version of the printer and modify its 
features to enable it to do other functions such as laser cutting, drawing or having remote 
access. 
1.2. Scope 
This project will be divided into four main parts as exposed hereunder: 
 
3D printer introduction 
- Description of a 3D printer: What is it? Is it possible to consider as a robot? 
- Background: Historical context until today. 
- Type of existing 3D printing technologies. 
- State of the art: real applications. 
 
Market research 
- Optimal configuration. 
- Platform and motherboard. 
- Types of motors. 
 
Design and justification of improvements and the rest of the modifications. 
- Software. 
- Hardware. 
 
Analysis of the results 
- Comparison of the results with other models. 
- Economic study: Budget. 
- Future improvements and continuation of the project. 
- Conclusions. 
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1.3. Calendar 
 
These four parts have been planned with a Gantt chart (table 1) to make more visual the 
different timings required by this work: 
 
 
    
Table 1: GANTT Chart 
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1.4. Background  
My interest in doing this work comes from my passion for the 3D printing world and my 
willingness to do a practical project, as it gives me more satisfaction than a theoretical project 
because of I can see and apply the results obtained. 
 
It could be said that this technology is relatively new and there is still a lot to discover, so I 
think it has great potential and can greatly improve our lives economising processes, making 
possible creative and imaginary designs, replacing some daily objects or making easier our 
life. 
 
I think this machine is a great invention for the Maker community as everyone can make their 
own designs from any object. For example, everyone can design and print a handmade drone 
or improve the models on the market that would not be possible without this technology. In 
addition, this community has an Open Source philosophy that allows to improve other people's 
objects and move forward together. Once printed it is possible to modify the models and 
improve their characteristics according to the working environment, which cannot be done in 
a virtual environment. 
 
1.5. Present 
Many people already call this technology Desktop Factory. This is because fused filament 
fabrication (FFF) 3D printers are the most common in homes and are usually placed on top of 
a desk or household furniture. This is how this type of printer is becoming more and more 
present in the daily life of all of us. 
 
A study of the year 2015 conducted by 3DHubs shows the exponential growth of consumer 
3D printers. Specifically, the trend in recent years is that the figure is doubling annually. 
Therefore, it is estimated that in 2019 the number of domestic printers will reach three million 
units. 
 
Figure 1: 3D Printer Sales 2007-2015 – 3DHubs 
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Chapter II 
Analysis of what and how a 3D printer 
looks like 
2.1. Description of an additive 3D printer 
A 3D printer is a machine capable of generating a volumetric object from a digital file. It arises 
from the idea of converting 2D files into real prototypes. There are different 3D printing 
technologies and printing materials, but they are all based on the same principle: a digital 
model becomes a solid three-dimensional physical object by adding material layer by layer. 
This principle is called the additive process. This method is based on adding successive layers 
of material until the desired form is obtained. Thus, 3D printing is contrary to the traditional 
method of cutting or hollowing out blocks of material. Therefore, it allows to make more 
complex solids with less material [1]. 
 
Before printing a model designed with a CAD (Computer Assisted Design) program, it will be 
divided into infinite horizontal layers that will then run through the printer head:  
 
 
 
Figure 2: 3D Slicing Process 
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2.2.  Is a 3D printer a robot or not? 
A robot is a mechanism generally made up of elements in series, articulated with each other, 
multifunctional and reprogrammable, with various degrees of freedom. It must also be able to 
move parts, tools, or special devices, according to variable paths, programmed to perform 
different tasks. 
 
If this premise is assumed, it can be stated that the 3D printer is a robot, because: 
- It is formed by 3 joints which give it 3 DOF (displacement in x, y and z) 
- It is multifunctional, because it can do more than one task with the necessary tools/supports 
(printing, laser cutting, milling, drawing, etc.). 
- And it is also reprogrammable because with the firmware it is possible to modify its behaviour 
without the necessity of modifying the hardware. 
 
So, it can be concluded that a printer is a robot, and thus it can be classified according to its 
joints. It can be a Cartesian robot, "inverted" parallel (DELTA) or even polar / SCARA printers 
have been seen. 
 
The joints of a Cartesian robot are all of translation type, and as is well known, these give it 
3 degrees of freedom (the 3 linear ones and are missing the 3 rotational ones). The 
interpretation and specification of a point in space is done by Cartesian coordinates. In 
addition, there are 2 subgroups within this group of robots depending on the configuration of 
their joints: Cartesian gantry or pedestal type. 
- Gantry: as its name indicates its structure makes a 3D gate or cube shape and its axes are 
supported by a minimum of two points of the structure. This feature gives them greater load 
stability at any point in space. 
- Pedestal: its joints are located one above the other. The fact of supporting all the weight on 
the base makes the robot suffer more when the load is moved away from it. 
 
In table 2, the advantages and drawbacks of cartesian robots are listed: 
 
ADVANTAGES DRAWBACKS 
Easily programmable and controllable movements due to 
familiarity with the X, Y, Z coordinate system. 
Highly voluminous in relation to the useful 
working space. 
High precision. Maintenance raised by the linear guides. 
Precision, speed and load capacity are constant over the 
entire range of motion. 
Not suitable for access to points in the space 
that are difficult to access 
Simplicity of the control system.  
Inherent stiffness of the structure.  
Can cover a large work area.  
High load capacity.  
Structurally simple.  
Table 2: Cartesian Robot - Pros and Cons 
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A DELTA robot is a suspended evolution of a parallel robot. It consists of two parallel bases 
(the upper one is fixed and the lower one is mobile). It has three degrees of freedom made up 
of two bases joined by three kinematic chains based on the use of parallelograms that restrict 
the movement of the terminal element to purely linear movements in X, Y, Z without rotating 
the terminal element. In addition, the fact of having a suspended base means that the arms 
do not have to support any kind of weight or resistance, so they can be made of very light 
materials... all of this makes it a robot with very little inertia and therefore, it can work at high 
speeds and accelerations. 
 
In table 3, the advantages and drawbacks of DELTA robots are listed: 
 
ADVANTAGES DRAWBACKS 
Terminal element always parallel to the base (by 
geometry). 
Complex coordinate system 
Very fast and precise. Maintenance raised by the linear guides. 
High repeatability  
Table 3: DELTA Robot - Pros and Cons 
 
A SCARA robot is a robot formed by two rotation joints and a third one of translation. With the 
first pair, it achieves the two degrees of freedom of the XY plane and with the third one, the 
DOF of the Z axis. The coordinate system it uses is polar system and this increases its 
complexity. 
 
In table 4, the advantages and drawbacks of polar/SCARA robots are listed: 
 
ADVANTAGES DRAWBACKS 
It has great geometric simplicity. Complex coordinate system 
High rigidity in the Z axis and great docility in the XY 
plane. 
 
It is very fast and precise.  
Table 4: SCARA Robot - Pros and Cons 
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Figure 3: Cartesian Robots Axes 
  
    
      Figure 4: SCARA Robot         Figure 5: DELTA Printer 
 
    
 
Summary table of the comparison: 
 
In the table 5 below, there is a comparative summary of the pros and cons seen above.: 
 
 Cartesian Delta SCARA 
Accuracy ++ ++ ++ 
Movement + ++ +++ 
Maintenance +++ ++ + 
Simplicity +++ ++ + 
Coordinates Cartesian Cartesian Polar 
Volume ratio ++ + +++ 
Table 5: Robot Comparison 
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Chapter III 
Background and a bit of history 
3.1. Where does 3D printing come from? Who created it 
and when? 
 
The first attempt to create solid objects layer by layer was during the 1960s at the "Battelle 
Memorial Institute". The attempt consisted of an experiment that involved the intersection of 
two laser beams of different wavelengths inside a photopolymer resin deposit with the aim of 
solidifying at the point of intersection [2]. 
 
But it was not until 1980 when Hideo Kodama of the "Nagoya Municipal Industrial Research 
Institute" in Japan created the single beam laser curing focus. In October 1980 he published 
an article entitled "Three-Dimensional Data Display by Automatic Preparation of Three-
Dimensional Model" detailing the experiment. In addition, Kodama also wrote a second article 
in 1981 entitled "Automatic Method for Fabricating a Three-Dimensional Plastic Model with 
Photo Hardening", for which he is recognized as the first worldwide evidence of additive 
manufacturing techniques. 
 
However, it is Charles Hull who is considered the father of 3D printing as he was the inventor 
of the first 3D printing method called stereolithography (SLA) in 1983 [3]. It was a model-
oriented printing process for testing prototypes before they were mass-produced. But it was 
not until August 1984 that he applied for a patent entitled "Apparatus for Production of Three-
Dimensional Objects by Stereolithography" [4]. In the latter, he defined stereolithography as 
"a method and apparatus for making solid objects by successively printing thin layers of UV-
curable material one over the other". This patent only refers to liquid (resin) printing but in 
1986, after founding 3D Systems Company, it expanded the definition of its technique to "any 
material capable of solidifying or altering its physical state". With this, he built the basis for 
what is now known as additive manufacturing (AM) or 3D printing [5]. In addition, he is also 
considered a co-creator of the STL file format, the most widely used 3D printing format 
nowadays. 
 
Even though this technology has been around for more than 30 years, it has not been heard 
of it so far [6]. On the one hand, this is due to the lack of resources to improve it until the 
beginning of the new millennium and, on the other hand, because until 2009 its main use was 
limited to the industry when the FDM (Fused Deposition Modelling) patent expired. 
 
At the same time, the RepRap project was born after the expiration of the patent held by the 
American company Stratasys on the technology of Fused Deposition Modelling. Thanks to this 
community, the first 3D desktop printer is created with the aim of increasing the reach of this 
technology to society. This and thanks to the increase of manufacturers start to join the 
research on this technology (due to the expiration of the patent) the market price of 3D printers 
decreases from $ 200,000 to less than $2,000. This is how 3D printer sales will soar from 2009 
onwards and as additive patents continue to expire, innovations are expected to increase. 
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3.2. So, what are the advantages and disadvantages of 
3D printing? 
 
In the table 6 below, the advantages and drawbacks of 3D printing technology are listed: 
 
ADVANTAGES DRAWBACKS 
Complex designs High cost towards production lines 
Objects customization Material and colour limitations (because of 
the private user’s budget) 
Reduced fixed costs (no tools or moulds 
required) 
Limited object strength 
Faster and easier prototyping (less risk on the 
market) 
"Worse" finishing (layers are slightly visible 
without post-treatment) 
Less waste generated  
 
Table 6: 3D Printing - Pros and Cons 
 
3.3. Which technologies exist in the world of 3D printing? 
● Fused Deposition Modelling (FDM): 
It is the most widely used technology for desktop production, ideal for rapid and low-cost 
prototyping. This process is based on melting a filament of solid material, once melted it is 
deposited on a solid surface following a specific path determined by the model designed in 
the computer. The first layer cools and solidifies instantly and therefore forms the base of the 
following layer. 
 
Figure 6: FDM Tech – 3DHubs 
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● Stereolithography and digital light processing (SLA and DLP): 
Technology used for high level prototyping, sculptures and jewellery. This system creates a 
three-dimensional body through a liquid photopolymer resin that solidifies when it is exposed 
to ultraviolet light. Therefore, to print with it is necessary to have a translucent tank full of resin 
and a platform that will be raised layer by layer. The difference between SLA and DLP is that 
SLA uses a laser as the lighting source and DLP as the projector. 
 
 
Figure 7: SLA Tech – 3DHubs 
 
● Selective Laser Sintering (SLS): 
High strength technology ideal for functional prototyping and complex designed parts. This 
technology uses a laser to melt and solidify layers of powdery material into finished objects. 
To achieve the results this system uses two printing platforms, a roller and a laser. Once one 
layer has solidified, the printing plate moves downward while the other platform containing the 
powder moves upward; and a roller spreads a new layer of powder over the object. This 
process is repeated, and the laser melts successive layers until the object is finished. 
 
 
Figure 8: SLS Tech – 3DHubs 
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● Material Jetting: 
Similar to inkjet (2D) printing technology but instead of depositing ink drops on the paper, 
these printers inject layers of liquid photopolymer onto an immersion plate and are instantly 
treated with UV light. 
 
The process consists of treating the photopolymer jets with UV light rays when they are 
injected by the machine. As the process is repeated, these layers accumulate in the plate to 
create a precise object. When the shape of the object requires support, the printer prints a 
removable gel-like support that is used temporarily but can be removed after printing is 
complete. 
 
 
Figure 9: Material Jetting Tech – 3DHubs 
 
● Binder Jetting: 
Technology used in the industrial environment that is similar to the SLS because the printer 
uses thin layers of powdered material to form the final object. However, instead of using the 
laser to synthesize the layers, this technology uses the binder extruded by the nozzle to join 
the dust from the deposit. 
 
The process starts when the nozzle spreads the binder in a first layer of the object that binds 
the dust. Once the mixture has been joined, the tank/tray goes down by the Z-axis while the 
second platform feeds more dust onto the object. This process is repeated until the desired 
object is obtained. Finally, the excess should be removed from the object and covered with an 
adhesive to give it consistency and resistance to discoloration. 
 
 
Figure 10: Binder Jetting Tech – 3DHubs 
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● Metal Printing - Selective Laser Melting (SLM) and Electron Beam 
Melting (EBM): 
 
Most common technologies for industrial 3D metal printing. Just like the SLS, these objects 
are created by thin layers of powdery material which are melted after being selectively 
deposited by heat sources. In the case of the SLM, it uses a high-power laser, while the EBM 
uses an electronic beam. 
 
During the printing process, the machine distributes the layer of metal dust on a printing base, 
where it will be treated by the corresponding heat source. As in the previous case, once the 
current layer has been processed, the platform is moved down the Z-axis and the object is re-
covered with metal powder to be treated again until the final object is obtained. These 
technologies require a support structure to keep the heat source away from the metal powder. 
In addition, the SLM must be performed in a low oxygen environment and the EBM under 
vacuum to reduce thermal stresses and avoid deformations. 
 
 
Figure 11: SLM Tech – 3DHubs 
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In the figure 12, there is an overview of the different 3D printing technologies. In tables 7 and 
8, a list of the advantages and disadvantages of each can also be seen. 
 
 
Figure 12: Additive manufacturing technologies 
 
 
 FDM SLA and DLP SLS 
ADVANTAGES Cheaper. 
Wide range of materials. 
High precision. 
 
Freedom of design. 
High complexity. 
DRAWBACKS Low complexity. Only resins. 
Small objects. 
Slow system. 
Only SLS Nylon. 
Table 7: 3D Printing Technologies - Pros and Cons (1) 
 
 MATERIAL JETTING BINDER 
JETTING 
SLM and EBM 
ADVANTAGES More accurate system. 
Very realistic results. 
Strength, transparency and 
flexibility. 
Combination of different 
materials and colours. 
Large quantity of materials. 
Affordable. 
 
Less energy 
required. 
 
High complexity. 
Monolithic 
construction. 
 
Similar results to 
traditional 
manufacturing. 
DRAWBACKS Expensive system. Fragile objects. - 
Table 8: 3D Printing Technologies - Pros and Cons (2) 
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3.4. Which kind of filaments exist currently? [7] [8] [9] 
● PLA (Poly Lactic Acid)  
It is a special type of thermoplastic made from organic materials such as corn starch and sugar 
cane. It is a popular material for both amateurs and professionals alike, as it has a wide range 
of uses. On the professional level, PLA is used in surgical implants (nails, screws, rods), 
because thanks to the degradable properties of the material, the 3D printed parts decompose 
in the human body between six months and two years. At the amateur level, PLA can be used 
to produce a wide variety of objects. 
 
 Cost: 15€ / 850gr 
 Printing temperature: 190ºC - 220ºC 
 Technology used: FDM 
  
Pros 
- Low cost 
- Safe, due to no toxic gas production 
- Easy to use 
- Compared to ABS, PLA is less prone to deformation 
- No hotbed needed 
  
 Cons 
- Susceptible to clogging the printer nozzle 
- Can attract moisture that makes it more fragile 
- Generally, less robust than ABS 
- Low resistance, also with UV. 
 
In addition, the PLA filament has other derivatives filaments based on a mix with PLA base, 
such as: 
 
✓ Fluorescent filament is a PLA filament that glows in the dark. 
✓ Multicolour filament in which there is a continuous pigment change. 
✓ Thermosensitive filament changes its colour according to the temperature (it has a colour up 
to 33ºC and changes to a second colour with temperatures higher than this). 
✓ Photosensitive filament works in the same way as the previous one, but the change is due 
to the incision of the light. 
✓ Wood filament combines a PLA base material with cork or wood dust in order to give the 
models a real wooden look and feel. Typically, the filament consists of around 30% wood 
particles. 
✓ Marble filament which works in the same way as the previous one, but the change is due to 
the incision of the light. 
✓ Sandstone filament is a material that includes a fine chalk powder to produce a stone-like 
colour and texture. Typically, the filament consists of around 50% powdered stone. 
✓ Magnetic The magnetic filament is obtained by mixing the PLA with finely ground iron powder. 
This filament responds to magnets and behaves similarly to pure iron, even to the point of 
oxidation. However, the filament has no other properties than pure PLA and the part will not 
act as a magnet either. 
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Moreover, there are more derivative filament which not are only mixed with a PLA base, but 
they are also mixed with ABS, PETG or other varieties: 
 
✓ Metallic filaments are made by mixing a fine metal powder into a base material (not only PLA), 
providing a unique metallic finish and added weight. Typically, the filament consists of around 
10% metal particles. 
✓ Conductive filament made with conductive carbon particles is able to print low-voltage 
electrical circuits, even simple circuit boards. 
✓ Carbon filament is made of carbon fibres which are extremely strong and cause the filament 
to increase in strength and stiffness. The parts will be much lighter and more dimensionally 
stable, as the fibres will help prevent shrinking of the part as it cools. Typically, the filament 
consists of around 20% ultra-lightweight carbon fibres. 
✓ ESD filament it is a safe filament toward electrostatic discharge made with carbon additives. 
 
 
● PETG (Polyethylene Terephthalate glycol-modified)  
PET is a material used daily in the manufacture of plastic bottles. PETG is a copolymer 
resulting from the modification of the main PET chain and is used more specifically in the 3D 
printing world. It has similar properties to ABS, but its printing temperature and cost are lower; 
and it is more resistant than PLA. 
 
 Cost: 17€ / 850gr 
 Printing temperature: 210ºC - 230ºC 
 Technology used: FDM 
  
Pros 
- Strong, flexible and biocompatible 
- Does not absorb moisture from the air 
- Does not degrade in water 
- No wrapping effect 
  
 Cons 
- It is not a simple material for beginners (complex retractions settings) 
- Requires a specific temperature adjustment 
-  
 
● ABS (Acrylonitrile butadiene styrene)  
ABS is a very suitable material for 3D printing of dynamic parts, which will be in motion. It is 
also used to create plastic parts for automobiles, musical instruments, kitchen appliances, 
electronic housings and various toys, such as LEGO. Due to the high melting temperature, 
the need for a warm bed and the production of irritating gases, among others, ABS is a material 
more preferred by professionals than by amateur users. 
 
 Cost: 15€ / 850gr 
 Printing temperature: 220ºC - 250ºC 
 Technology used: FDM 
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Pros 
- Resistant to mechanical stress 
- Durable 
- Lightweight  
- Withstands temperatures well 
- Cheap 
  
 Cons 
- Made from petroleum, it is not a biodegradable material 
- It needs a high temperature to melt 
- Produces toxic gases 
- Requires a warm bed (wrapping) 
 
● ASA (Acrylonitrile styrene acrylate)  
ASA filament is a thermoplastic material that is often a common alternative to ABS and is great 
for outdoor applications due to its high UV, temperature, chemical and impact resistance. It is 
also more waterproof, stiffer and much easier to print than ABS (hardly any wrapping effect). 
In fact, this filament was invented with the intention of creating a material similar to ABS but 
with better weather resistance. 
 
 Cost: 24,40€ / 850gr 
 Printing temperature: 220ºC - 245ºC 
 Technology used: FDM 
  
Pros 
- UV resistant 
- Resistant to high temperatures 
- Chemical resistant 
- Water resistant 
- Impact resistant 
- No wrapping effect 
 
 
 Cons 
- Made from petroleum, it is not a biodegradable material 
- It needs a high temperature to melt 
- Produces toxic gases 
- Expensive 
 
 
● Nylon (Polyamide - PA12) 
The nylon filament consists of a synthetic polymer that is stronger and more durable than ABS 
or PLA. It is also lighter, more flexible, more resistant to wear and less fragile than the previous 
ones, making it a good choice for mechanical and technical applications. Finally, it is extremely 
flexible: it can be deformed by 50% before breaking. 
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 Cost: 30,50€ / 850gr 
 Printing temperature: 225ºC - 265ºC 
 Technology used: SLS and FDM 
  
Pros 
- Very flexible 
- Highly wear-resistant 
- Highly resistant to chemicals and high temperatures 
- Lightweight 
- Filament can be re-melted and used again without any loss of bonding 
  
 Cons 
- Prone to wrapping 
- Hygroscopic (moisture sensitive) 
- Produces toxic gases 
- Expensive 
 
● Flexible filament (TPE) 
The flexible filament is a thermoplastic elastomer that can deform 680% of its original 
dimensions. It is also resistant to low temperature impact, abrasion and chemicals. 
 
 Cost: 32€ / 850gr 
 Printing temperature: 210ºC - 230ºC 
 Technology used: FDM 
  
Pros 
- Flexible and soft 
- High impact and abrasion resistance 
- Absorbs vibrations 
- Durable 
- No hotbed needed 
 
Cons 
- Difficult to print (especially on Bowden extruders) 
- Cannot form "bridges" 
 
● HIPS filament 
HIPS is a commonly used material for supports. It dissolves with limonene (liquid hydrocarbon) 
and is compatible with many other materials. 
 
 Cost: 24,50€ / 850gr 
 Printing temperature: 225ºC - 240ºC 
 Technology used: FDM 
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Pros 
- Water and impact resistant 
- Lightweight 
- Soluble in limonene 
  
 Cons 
- Prone to wrapping 
- High printing temperature 
- Produces toxic gases 
 
● PVA (Polyvinyl Alcohol) 
PVA is a soft, biodegradable polymer that is very sensitive to moisture (hygroscopic). It is a 
very easy to use support material as it is diluted with hot water. 
 
 Cost: 35€ / 850gr 
 Printing temperature: 180ºC - 210ºC 
 Technology used: FDM 
  
Pros 
- Soluble in water 
- No solvents required 
- It is not toxic 
 
 Cons 
- Hygroscopic 
- Prone to clogging 
- Expensive 
 
● Polycarbonate (PC) 
PC is a thermoplastic material known for its strength and durability. It is generally lightweight 
and transparent. Also, it has very high heat and impact resistance, making it the ideal choice 
for harsh environments. However, it is an extreme hygroscopic filament. 
 
 Cost: 77€ / 850gr 
 Printing temperature: 260ºC- 310ºC 
 Technology used: FDM 
  
Pros 
- Impact resistant 
- High heat resistance 
- Naturally transparent 
- Bendable without breaking 
 
 Cons 
- Prone to wrapping 
- Hygroscopic material 
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● Polypropylene (PP) 
PP filament it is material with fatigue resistance, semi-flexible, and lightweight characteristics. 
 
 Cost: 77€ / 850gr 
 Printing temperature: 220ºC- 250ºC 
 Technology used: SLS and FDM 
  
Pros 
- Good impact and fatigue resistance 
- Good heat resistance 
- Smooth surface finish 
 
 Cons 
- Heavy wrapping 
- Low strength 
- Expensive 
 
● Liquid materials: Resin 
There are other types of material beyond the filaments. There is the liquid resin-based material 
used in SLA, DLP and other technologies. With these it is possible to get more detail and 
quality. 
There are different types of resins such as tough resin (ABS-like), durable resin (PP-like), clear 
resin, rubber-like resin, heat resistant resin, ceramic filled resin, castable resin and dental resin 
[10]. 
 
 Cost: 32€ / 850gr 
 Printing temperature: 210ºC - 230ºC 
 Technology used: SLA and DLP 
 
Pros 
- Many applications 
- Allows a wide spectrum of strength and flexibility 
- High detail 
 
 Cons 
- Expensive 
- Heat can cause premature polymerisation 
- Needs to be stored safely due to high photo-reactivity 
- Can expire 
- Support marks may be visible on surface 
 
Despite the fact that there are not few materials exposed above... in the future there will surely 
be many more types of filaments as more and more researchers/developers are investing in 
the study of new properties for 3D materials. 
 
  
 
Report      
29 
 
In table 9, a summary of the different types of material used in 3D printing can be observed: 
PLA The most popular 
PETG Alternative to PLA (similar to ABS) 
ABS The most resistant 
ASA Alternative to ABS 
Nylon Flexible and resistant. Can be used in SLS and FDM 
Flexible The most flexible 
HIPS Soluble in limonene. Ideal for supports 
PVA Soluble in water. Ideal for supports 
Polycarbonate Ideal for harsh environments 
Polypropylene Can be used in SLS and FDM 
Resin Not all 3D materials are solid 
Table 9: 3D Printing Material Types - Summary 
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Chapter IV 
State of the art 
4.1. Applications of 3D printing 
So far, this technology has allowed to produce rapid prototyping of models and architectural 
designs that has benefited researchers, architects and designers such as the Nike and 
Adidas footwear companies. Nike has used the Selecting Laser Sintering (SLS) technology 
which allows them work with high power lasers to adjust their shoes in a couple of hours, while 
in the past upgrades would cost months in the company, and thus reduce the cost of 
prototyping by thousands of dollars [11]. Following the same line, Adidas has gone from 
needing 12 technicians to make its prototypes to just two people. In addition, Adidas went 
further and in January 2014 allowed its London customers to customize their shoe aglets. 
 
 
Figure 13: Prototype of a Nike shoe sole - 3dprinting.com 
 
However, the most interesting area has always been education. In this world, this technology 
has made it possible to reduce the costs of models such as robot arms for teaching robotics. 
This is the case of Moveo from the company BCN3D, which brings digital and additive 
manufacturing technologies closer to the public. One of the concerns of the Department of 
Education is the high cost of materials that must be used by Bachelor students for their 
practices. In this sense, an Open Source robotic arm, modifiable by the students and 
reproducible at low cost, could cover several of the existing training itineraries: mechanical 
design, automation, industrial programming, etc. 
Therefore, the BCN3D Moveo should allow schools to enjoy customisable, modifiable and 
easy-to-access equipment for students at a price far from industrial equipment [12]. 
 
Focusing on fashion world, 3D printing will surely gain ground. Nowadays, many companies 
are experimenting with the concept of clothing printing. In San Francisco, a company called 
"Continuum" offers customers the possibility to design their own bikinis on its website. After 
creating the bikinis, the 3D files are sent to the company, and then a 3D machine prints the 
fashion article and sends the bikini to the customer's address. This is how 3D printing allows 
everyone to design their own fashion accessories. 
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Even within the fashion world, there are companies that can also print custom jewellery [13]. 
In the traditional process, the jeweller sculpted the first unit of a jewel in the wax that 
constituted the base pattern, but with the use of 3D, the first unit is created directly in the 
computer and then allows to print it as many times as it is desired, whether it is wanted to 
make a mould or get the final result directly. In this way, the stages of sculpture and moulding 
are replaced by only one stage: the 3D file, so it brings greater simplicity (it costs less to 
"sculpt" the details of the different jewels) and more flexibility. One example is the Dutch 
company Zazzy which is currently helping the Dutch department store Hema to set up an 
online service where customers can create their own personalized necklaces and bracelets. 
 
Regarding the world of the “big screen”, 3D printing has served and will serve to create film 
accessories such as weapons or helmets in the film of Guardians of the Galaxy [14]. But 
someone has gone further and created "Boxman" the first animated film made entirely by 3D 
printing by FDM [15]. "Chase Me" is another short film that has needed 80 litres of resin and 
a year of production. Both cases have used the Stop Motion method. 
 
Other examples of 3D printing applications would include the reconstruction of fossils in 
palaeontology, the replication of ancient artefacts in archaeology, the reconstruction of bones 
and body parts in forensic pathology, and the reconstruction of heavily damaged evidences 
acquired from crime scene investigations. 
 
Focusing on more technical areas, it is possible to see the following applications: 
 
NASA wants to make their astronauts diets less boring by making them able to print their own 
pizzas in space. That is how this technology has come into the space. A start-up called 
BeeHex is able to print a 30 cm pizza in less than 5 minutes. This idea arose when NASA 
began to consider what kind of food astronauts could survive beyond the typical energy bars. 
This solution allows dehydrated food to be carried in cartridges for further processing at zero 
gravity [16]. There are also some organizations like PrintSat, which are researching on using 
this technology in small satellite structures to be used in space [17]. 
 
In addition, many researchers and designers in 
the areas of orthopaedics and reconstructive 
medicine have made possible the existence of 
biometric prostheses printed in 3D. In this way 
the price of the prosthesis has decreased 
drastically but even better, what this technology 
allows is to manufacture particular prostheses 
for each of the patients adapting to their needs 
[18]. A Spanish company called Exovite has 
already carried out a Start-up in Barcelona, 
Aragon and Murcia hospitals that creates 3D 
customized splints for each patient and each 
type of fracture from a 3D scan of the fractured 
limb [19]. This implies a better care over the traditional option. Beyond the comfort of being 
able to immerse the splint, its holes also allow the patient to scratch or better still, to introduce 
electrostimulation patches to reduce the recovery time. 
 
Figure 14: Exovite 3D splint - Gizmodo 
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The tyre company Michelin has created a bio-pneumatic tyre based on 3D printing. This is 
made with an airless hollow surface, which increases safety and prevents punctures... but it 
is also biodegradable, bio renewable and connected to a "rechargeable" tread so that once 
the rubber is worn, it will only be required to stop at a workshop with 3D printing service to 
deposit new rubber replacing the old tread [20]. 
 
 
Figure 15: 3D Michelin Tyre - 3dproditive.com 
 
3D printing is also releasing designers looking to rethink the basics of aircraft. Airbus and its 
engineers have been working to develop aircraft frames and shapes that mimic those found 
in nature. This allows companies to produce lighter aircraft with better aerodynamics, as is 
the case with the Boeing 787 which, with tons of printed titanium, saves between 2 and 3 
million per aircraft. 
 
About aerodynamics, this 2018 McLaren Formula 1 team has gone further, and thanks to an 
agreement with the Stratasys company will bring a 3D printer of FDM and Polyjet to the tests 
of the Bahrain GP. This will allow them to fast implement different modifications as they will 
be able to print some parts of the car quickly and easily to reduce the weight of the car and 
make it better [21]. More specifically, they will apply this technology to modify the rear spoilers. 
The advantages are not only evident on the track, also at the production level: manufacturing 
times for these parts are reduced to days or hours instead of weeks, allowing improvements 
to be checked and implemented much more quickly. 
 
This technology has also reached the world of construction. 3D printing will make possible 
to reduce building costs and, even better, construction time [22]. The company “Apis Corazón” 
managed to build houses of 30 square meters in less than 24 hours. Production costs are less 
than $10,000 thanks to a cylindrical printer configuration capable of rotating 360°, rising to 3 
metres and extending an arm to a radius of 8.5 metres [23]. That is not all, now another project 
called ICON has managed to increase the living space to 200 m² while maintaining the 
production time but reducing the costs to 4,000 dollars. It is the latter company that will do a 
social project in El Salvador to build 100 houses for homeless people. 
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Finally, in the field of medicine, it is only a matter of time before any transplant can be carried 
out thanks to this technology. Researchers from ETH Zurich presented a new project based 
on the printing of a 3D heart. The heart will avoid the patient having to connect to a machine 
to perform the blood supply to the damaged organ itself. This is because this device can 
perform the blood pumping action while the patient awaits a transplant or the heart recovers. 
The advantage of this heart, unlike other similar ideas, is that it beats just like a real heart and 
is very similar to the real organ [24]. Moreover, regarding bioprinting, there is an American 
start-up called BioBots that deals with the use of biomaterials and living cells to create 3D 
living tissue and miniature human organs. The project is based on the generation of “Bio-tints” 
as printing material. The bioprinter creates a special ink that combined with these biomaterials 
and living cells could create these organs that could end up being used for transplants. For 
the time being, however, the idea is to use it in the field of research and clinical trials of 
medicines and treatments [25]. 
 
In the future, this technology will make printing costs even cheaper thanks to new materials 
such as vegetable cellulose, which also offers more advantages than in the economic area, 
as it is a renewable and biodegradable material. Furthermore, the researchers also assure 
that the results will be more resistant, and its printed items will have antibacterial properties. 
 
4.2. Close application in automotive industry 
 
In the automotive industry, companies not only use this technology to produce parts, they 
also create tools and interior elements. This has allowed for on-site development, which 
means a reduction in dependence on external manufacturing. 
 
Especially in the plant I work for, we use 3D printing for prototyping parts, sizing and even for 
manufacturing robot tools such as robotic grippers. 
 
Specifically, we use the SIGMA model of BCN3D TEHCNOLOGIES valued at 2600€ with a 
print volume of 297 x 210 x 200 mm and a resolution of 0.1mm on the X and Y axes while on 
the Z axis the thickness of the layer varies from 0.050 mm to 0.3 mm with a nozzle of 0.4mm.  
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The following is a brief description of the applications Continental AG Rubí provides for this 
technology: 
 
- Fingers for Universal robots: Parts printed with flexible and ESD* filament and are used for 
PCB handling. Flexible because this property allows a greater tolerance to the pressure 
applied by the grippers and ESD because in the electronics industry it is very important that 
no spontaneous and unwanted current circulates through the electronic components as this 
can burn them or cause damage to the board. 
 
 
Figure 16: Universal robot printed fingers – Continental AG 
 
- Nominal dimension Prototype printing: A prototyping is done prior to the production of this 
piece to specify the final details with the client. It also allows to readjust the production lines 
prior to implementation, saving time and money (of defective parts). 
 
 
Figure 17: 3D cluster prototype – Continental AG 
 
- Laser and friction welding process validation: The lenses of the clusters are glued to the 
mask by "plastic" welding. For this welding, the parts to be welded must be positioned correctly 
in the "footprint" of the machine. It is in this process that the previous prototypes are used to 
calibrate the position of the different elements. 
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- Support printed jig for photogrammetry measurement: Some of the clusters consist of 
flexible and deformed parts that, like all parts, must pass a rigorous dimensioning to satisfy 
the tolerances required by the customer. It is because of this flexible nature that they are 
difficult to size, which is why a support has been created to facilitate this task. 
 
 
Figure 18: Jig support – Contiental AG 
 
- Tolerance tools:  
This gauge printed with the nominal curvature is designed to control the curvature of injected 
lens and verify its tolerance range. 
 
   
Figure 19: Lens Bend Tool – Contiental AG 
 
- Dynamic lens handling device. 
A 3D printed Effector Terminal is 80% lighter than a normal one. For this reason, the robot 
kinematics is improved and that means more precise robot positioning. On the other hand, as 
the terminal is made up of only one piece, it has less vacuum losses (these are suction 
terminals) and the system tubes can be smaller. All this reduces the cost of the terminal 
element by 30% of the total. In addition, the production time is also shorter. 
 
   
Figure 20: Lens handling devices – Contiental AG 
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- Dynamic robot claws. 
New type of claws has been developed. Now with this dynamic robot claws the robot can turn 
parts on the own claw with no need for extra mechanisms. In addition, the fact that these extra 
mechanisms are not required makes the wear of the part less and therefore extends its useful 
life. 
 
Figure 21: Dynamic robot claws – Contiental AG 
 
Finally, the company also uses reverse engineering. A 3D scanner is used to obtain virtual 
models of existing parts to save money and time for replacement. 
 
In the next future other applications in this industry could be done such as prototypes of new 
Printed Circuit Board Implementation which will reduce the cost of the study and development. 
Small structures such as robotic arms or others can also be optimized by reducing the material 
used and therefore its weight, although it does not have to lose its structural properties. And 
finally, why not? Based on the Moveo project of BCN3D Technologies, each company could 
manufacture certain robots for certain more specific tasks along the production line. 
 
Figure 22: Structural optimization process - Contiental AG 
 
The future of SLS technology in this industry has to be highly considered due to its high 
resolution and high precision, which makes the resulting objects more detailed and finished. 
The fact that it has not yet become widespread in the sector is due to its current high cost, 
which will downward trend in the future.  
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Chapter V 
Choice of FDM printer type and its 
components 
5.1. Type configuration: Cartesian, DELTA or Polar? 
 
The Cartesian configuration is called this because of the coordinate system it uses for 
movement, the Cartesian. The extruder is moved along three orthogonal axes (linear joints) 
with the help of a minimum of three (or more) motors which move belts and pulleys or threaded 
rods [26]. The origin (reference position of the machine axes from which each print starts) can 
change depending on the machine but the shape of the print base of this configuration is 
always a square. It is a very precise, fast configuration with a constant and high load capacity. 
It also has an inherent rigidity of structure and the coordinate system is familiar. Finally, the 
control system is the simplest of the three and is therefore the most widely used configuration. 
 
The DELTA configuration has a suspended extruder, positioned by three articulated arms that 
slide up and down on vertical guides arranged in a triangular configuration. The transmission 
of motion can be done through belts and pulleys or threaded rods. Depending on the height 
(position) of each arm, the extruder or hot-end can be positioned in all the available working 
space. 
 
In addition, its printing base is circular, and it remains fixed (it is the arms that create the 
movement in X, Y and Z) giving greater precision, especially when making circles [27]. 
Therefore, the printing limits of this configuration are defined by the diameter of the base and 
the height of the vertical arms. 
 
The polar-SCARA configuration uses polar coordinates. This system is like Cartesian except 
that the coordinate sets describe points on a circular grid instead of a square. The base of this 
configuration is circular and rotates on two rotational joints that allow it to make the movement 
in the whole XY plane with two degrees of freedom. The third degree of freedom is given by 
the spindle as it moves along the Z axis. 
 
     
   Figure 23: Cartesian printer  Figure 24: Delta printer        Figure 25: Polar printer 
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PROOF: 
- The difficulty of the interpretation and the complexity of the calculations with polar coordinates, 
discards the polar configuration. 
- The ratio of total volume vs. the workspace of the Cartesian configuration is greater than the 
delta configuration, making the Cartesian a better candidate. 
 
 
 
Figure 26: Volume comparison between Cartesian and DELTA printers 
 
Finally, the direct familiarity of movement with the Cartesian robot's coordinates makes it the 
simplest candidate. In addition, the large amount of community resources available makes it 
the right choice for this work as the solution to errors will be easier. 
 
 
Winner: Cartesian configuration. 
 
As it is known, within the Cartesian configuration there is the pedestal or gantry type. The 
latter, are much more stable throughout the space as the weight loads are distributed over the 
structure and not over the lower link. 
 
Once the gantry model has been chosen, there are different sub-configurations of the axes. 
There are printers that have the Y movement at the base and the vertical (Z) and X movement 
at the extruder (Prusa), or also there are other printers (coreXY and H-Bot) that have the XY 
plane displacement at the top and the vertical one at the base.  
 
Depending on the model that it is chosen, it will change the kinematics of the hot end, and 
therefore affect the resolution of the prints. As for the coreXY models the fact that the base 
does not move horizontally will improve the adhesion results and they are also machines that 
can print faster (80mm/s compared to the nominal 60mm/s of the Prusa). However, this type 
of printer requires a more rigid structure because the vibrations on the Z axis will affect the 3 
movements (in the Prusa only affect Y and Z). Also, to learn and get started with these printers 
are not recommended because their kinematics is not such intuitive. 
 
Finally, the Prusa model is the chosen one because of its simplicity, the large community and 
the reduced complexity of the structure. In addition, print quality will always depend on the 
calibration and setup of the printer, rather than the model chosen. And in this line, with the 
Prusa model a better calibration will be obtained because it is a model where each axis does 
a task / displacement. 
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5.2. Extruder type: 3D pen or common extruder? 
To feed the printer with filament it can be used the conventional method, which uses an 
extruder based on a stepper motor with a pulley adjacent to the motor shaft gear (see image 
below) that directs the filament to the hot end where its diameter is reduced to a width 
determined by the nozzle to be deposited on the printing base, or another method that uses a 
3D pen controlled by a servomotor or by software can be used. The latter, can perform all the 
above functions. 
 
 
 
Figure 27: 3D printer and 3D pen extruder systems 
 
PROOF: 
- The main difference between the two systems will be in the price of one over the other. In this 
case, the 3D pen is more expensive, which initially discards it from our project because of the 
low-cost premise of it. 
- In addition, even if it is not an impediment, the configuration of the 3D pen will be more complex 
due to the control over the servo and its physical implementation, or the modification of the 
software to govern the pen's PCB. 
 
Winner: Cartesian configuration. 
 
 
 
 
  
 
Figure 28: 3D printer extruder vs 3D pen cost comparison  
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5.3. The heart of the printer: Arduino or Raspberry Pi? 
Arduino is an open-source electronic prototype platform based on flexible, easy-to-use 
hardware and software. The motherboard is a microcontroller with analogue and digital I/O for 
the purpose of governing a series of sensors and actuators. It has an economic and 
multiplatform character, a simple and clear programming environment, and open source with 
extensible software and hardware. 
 
Raspberry Pi is a low-cost, energy-efficient computer board (SBC) or commonly known as a 
"mini computer". It is Linux based and has many more I/O and communication modules than 
an Arduino. It is therefore quite superior to an Arduino, but its programming environment is far 
more complex than the other candidate. 
 
 
              Figure 29: Schematic Arduino UNO board    Figure 30: Schematic Raspberry Pi motherboard 
 
PROOF: 
- The simplicity of Arduino's use and the amount of community resources available, along with 
support for Marlin's Open Source software... makes Arduino hardware the chosen candidate. 
 
Winner: Arduino platform 
 
Different options are based on Arduino: RAMPS 1.4 or All-in-One. 
 
Op.1- Arduino Mega + RAMPS 1.4 + Drivers= 15€ 
Op.2- OVM20 Lite= 35€ [28] 
 
The only difference between the two is that the second one takes up more area but less 
volume (<height) and the simplicity of assembly compared to the first one. However, the 
RAMPS 1.4 is much cheaper although it heats up easily... but just as easy is the solution as 
adding a small permanent fan on top of it, it will never overheat again. 
 
 
Figure 31: Composition of an OVM20 - staticboards.es 
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5.4. Kind of motors? 
There are three types of motors: DC motors, stepper motors and servo motors. 
 
The DC motors are bidirectional (rotating in both directions) motors whose speed can be 
controlled by PWM modulation, but not their position. In addition, they are very fast engines 
(they run at high RPMs), but it is not easy to stop them accurately either. The rotor of these 
motors is usually a simple coil on an iron core and fed through brushes, and the stator is 
composed of a pair of permanent magnets with reverse polarity or windings on an iron core. 
 
The stepper motors are motors with high repeatability and much more precise [29] than the 
previous ones, and in this case, both the speed and the position of the shaft can be controlled 
with respect to a reference system. However, these engines cannot spin very fast. The rotation 
is divided into different sections / steps (dimensioned with degrees) thanks to a stator formed 
by two or more coils and a magnetic rotor with a toothed body. These motors can operate with 
a minimum of one pair of coils. There are different types of operation, in the simplest case, a 
single coil is active at all times, which attracts one of the teeth of the stator that are aligned 
with its field and produces 90º steps; the full-step mode have the same resolution as the 
previous one but now the teeth are aligned between two active coils; in half-step mode the 
resolution is the double thanks to a mix of the two previous methods because first the rotor 
are aligned with a single active coil and then they are aligned in the middle of two coils when 
the coil adjacent to the first one is activated; finally a mode called micro stepping sacrifices 
the motor force in order to increase the resolution exponentially because the axis can advance 
gradually. 
 
The servomotors are continuous motors with a reducer at the end and a position sensor 
(potentiometer or encoder) with which it knows its position at any time without the need to 
reference it to an external system. 
 
 
Figure 32: DC Motor    Figure 33: Stepper Motor Figure 34: Servo Motor 
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PROOF: 
- The printer must have a high degree of accuracy and it must be possible to control its position. 
This fact rules out DC motors. 
- As the load on the printer is fixed, there are no synergies and the motors do not lose steps 
either. So, sensors are not necessary to know the instantaneous position of the drive shaft 
and this makes servomotors unnecessary. 
- A servomotor costs much more than a stepper motor of the same characteristics. This means 
that as one of the objective of this project is to create a low-cost 3D printer, servomotors are 
out of the question. 
 
Winner: Stepper motors.  
 
It was decided to use standardised stepper motor models for this work. The standard chosen 
was the NEMA (National Electrical Manufacturers Association). The family of models ranges 
from NEMA 8 to NEMA 42. 
 
The choice of engine is based on the minimum torque required by the 3D printer. A study by 
the RepRap community places the axes of the Mendel Official model (a model like Prusa) at 
a necessary torque of 13,7 N/cm [30]. Therefore, the smallest NEMA model that meets this 
specification is NEMA14 (minimum torque 18.36 N/cm) [31].  
 
However, the critical axis is the extruder which must move the filament and filament spools 
weigh 1kg. RepRap recommends a minimum torque of 40 N/cm [32] that cannot be reached 
by NEMA14. As I want to buy the motors in pack to make the project as economical as 
possible, the top model (NEMA17) is the best option. 
 
For the application of this work, the NEMA 17 model has been chosen: they are a bipolar 
model that are used in applications that do not require much voltage (our source is 12V) and 
a minimum torque of 44,35 N/cm (the minimum required by the printer shafts is between 14 
and 40 N/cm because the load to support is minimal). In addition, the NEMA17 have a high 
accuracy, in our case steps of 1,8º resolution or in other words 200 steps per lap. To give an 
idea, with the right drivers and threaded rods it is possible to reach a resolution of 0,04mm. 
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Chapter VI 
Software Modification and Optimization 
 
Every printer has a firmware behind it that allows it to interpret certain commands and read 
GCODE files that will become 3D printed objects. In this section we will deal with some small 
modifications of the code to implement the upgrades of this project. 
 
 
6.1. Marlin 
Marlin is a specialized 3D printer firmware based in GBRL CNC firmware, but it is an extended 
version, with support for extruders, warm bed, LCD screens and all that related hardware that 
a 3D printer requires. It must be installed on the Arduino board to manage the printer. It is 
designed to control the different temperatures, the movements or other typical parameters of 
3D printing. In addition, it also serves to recognize and read GCODE files from the serial port, 
or from an SD card. 
 
The universal language for controlling CNC machines (3D printers, laser cutters, milling 
machines, etc.) is called G-CODE. The slicer, which is the program that converts a 3D model 
into a GCODE file, interprets all the points that the CNC spindle must pass through and 
translates them into commands that go into a text file (GCODE file). 
 
Marlin then reads the list of G-CODE commands, line by line, and converts each command 
into the pulses required to move the stepper motors or other components of the machine. 
 
Behind marlin there is a whole community that releases new versions regularly. Everyone can 
freely modify the code to adapt it to specific needs. The following is an outline of the software 
modifications that have been made for this project. 
 
 
Figure 35: Marlin firmware logotype 
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6.1.1. LCD boot modification 
The following modification is intended to add a custom logo to illustrate while the printer 
firmware is turned on and loaded. To do this, 2 files have been modified: ultralcd.ccp and 
configuration.h. 
 
First of all, a matrix has been created which will contain the different characters (8) that will be 
written in each "little square" of a 20x04 (80) LCD screen. This matrix will group 8 layout 
bitmaps formed by the 5 LSBs of 8 bytes in total and encoded in binary. Each bit (0 or 1) will 
define the status (black or white) of each of the 40 pixels in each "little square" of the LCD. 
Here is a graphic example of what is intended to be reflected above: 
 
 
 
Figure 36: LCD character example 
 
After being created, they are printed on screen using the Arduino ".print" instruction associated 
with an LCD. In addition, more characters and text have been added to further illustrate the 
image, as well as a "slogan". This slogan has been enabled in the configuration.h file and will 
be displayed right after the initial logo. 
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Ultralcd.ccp 
 
   
 
 
 
 
Figure 37: Boot LCD image 
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Configuration.h 
 
 
 
 
 
6.1.2. Laser modification 
 
In order to be able to control the laser of the 3D printer with the intention of enabling it for laser 
cutting, a total of 5 files of the Marlin firmware have been edited. Each of the following steps 
will be detailed below. 
 
Configuration.h 
A variable called "LASER_CTRL" has been created in this file that will or will not enable the 
use of the laser. This variable can be commented on (without having to be deleted) in case it 
is not to be used. 
 
 
Marlin.h 
In the marlin.h file a new conditional structure has been defined that will define new control 
variables depending on whether the laser cutter option is enabled or not. These variables will 
control the laser modulation (light beam intensity) and its status (on or off). 
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Marlin_main.cpp 
The above variables will be initialized in the file marlin_main.cpp. The value 0 will be the 
minimum value of both variables and will cause the laser to be turned off. The maximum value 
that the TTL variable will reach is 255 (2^8), while the "power" variable only oscillates between 
0 and 1 (on). 
 
 
In the same file the control pins will be defined as outputs as well as their initial value when 
the motherboard is started. 
 
 
 
Finally, 3 new marlin commands (M180, M181 and M182) will be created to manage the status 
of the laser at any given time. In addition, they will facilitate Marlin's interpretation of the G-
CODES by avoiding overwriting commands when "printing".  
 
The M180 command will regulate the laser intensity. The beam intensity will be defined by a 
number between 0 and 255 located following an "S" after specifying the command in question: 
M180 Sxxx. The higher the number, the more powerful the light beam. Otherwise, if the 
command is simply defined as M180, the laser will be assigned maximum intensity. 
 
The M181 command turns the laser on regardless of the rated laser beam intensity. The M182 
command will disable the laser and will not emit any light beams. 
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Pins.h 
In the file that attributes the pin number (of RAMPS 1.4), on which each of the variables used 
in the code will act, the pins have been defined for the power (42) and TTL (44) control 
variables. 
 
 
Therefore, the cables should be connected following the schematic provided by the RepRap 
community. In this case, both pins are located on the AUX 2 module: 
 
 
Figure 38: Schematic of the RAMPS 1.4 AUX-2 port [33] [34] 
 
 
UltraLCD.cpp 
Finally, an option has been added to control the laser status from the Marlin menu visible on 
the 3D printer's LCD screen. 
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6.1.3. Runout Sensor modification 
 
configuration.h 
 
 
In line 831 of configuration.h file “FILAMENT_RUNOUT_SENSOR” must to be enabled. Then 
if the printer works without the end stop sensor switched, sensor logic must be reversed (833 
line). Finally, the line 835 defines the command M600 (filament change) to remove the filament 
once the printing has been paused. 
 
 
pins_RAMPS.h 
 
 
After that, in the file pins_RAMPS.h must be defined the port that will receive the sensor signal. 
In this case has been chosen the pin number 11, which belongs to servomotor number 0 
(explanation of the hardware in the following chapter). In any case, the specified port can be 
changed for any other available port of the RAMPS 1.4. 
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Chapter VII 
Reasons for the improvements 
7.1. Improvement of the Z axis regarding the original: 
● What? 
Replacing the metric 5 (M5) Z-axis worm screws for threaded rods. 
 
● Why? 
It is clear that a worm screw that moves a female up and down has not been created for the 
purpose of being used in a precise positioning machine, and this causes them to have certain 
irregularities and greater friction or play between both parts (female and screw). Therefore, in 
the study of the basic model prior to purchase, it was decided to buy specific threaded rods 
for this function, replacing the screws created to support mechanical stresses. 
 
These thread rods together with the lead screws will provide a better resolution as they are 
more uniform and smooth, and therefore a better accuracy on the Z-axis (the key axis for the 
final look of the part as it controls the height of the layers and must be as uniform as possible). 
 
In short, it is with this uniformity of the Z-axes that the wobble and the Backlash issues will be 
eliminated. 
 
 
Figure 39: Differences between lead screw and worm 
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7.2. Change of the Z axis end stop: 
● What? 
Replacing of the Z axis end stop by a probe. 
 
● Why? 
The Z-axis end stop is located at the bottom of the left axis. This one, it works well and meets 
its specifications, as it serves to position the home. However, its calibration is laborious as it 
does not have an adjustment and calibration system. 
 
Adding a probe to the X-axis carriage enables more precise control of when the nozzle comes 
into contact with the print base, resulting in better results as the nozzle is closer to the printing 
base. In addition, this improvement allows activating Auto Bed Levelling. The ABL permits to 
obtain better results because the levelling of the base (which should be as straight as possible) 
is essential and adjusting it by hand never ends up being flat. With the probe and the software, 
the machine will take different reference points to locate a tolerance with respect to the Z home 
at each point and will generate a virtual plane. So, even if the base is uneven, the Z-axis will 
adjust itself to compensate for the difference in level, so the nozzle is always at the same 
distance from the base. 
 
● Probe type: Capacitive, inductive or touch (mechanical) probe. 
 
● Choice:  
Capacitive NPN type because it is faster in commutation than PNP type because it operates 
referenced to 0V and has greater immunity to noise [35]. It offers the possibility of manual 
adjustment by screw on its top. On another note, inductive type gives better results regarding 
capacitive type but the relative height to the nozzle cannot be varied and it is difficult to leave 
it 1mm from the nozzle. Finally, the BL-Touch being a physical switch has more wear and tear 
and the cost in the long run is higher. 
 
● Implementation:  
As the probe works between 6 and 36V, it is enough to feed it with the 12V of power supply. 
However, the Arduino board's interpretation of the sensor signals is 5V and for this reason it 
has been thought to make a voltage divider to transform the range from 0-12V to 0-5V. Two 
resistors will be used to reduce the voltage according to the following diagram: 
  
Figure 40: Z-Probe electronic circuit 
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The value of the two resistances chosen must be standardized in order to be purchased. In 
addition, the value of the output signal must not exceed 5V (the resistors are not perfect, and 
these tolerances could cause the Vo to be higher than desired). For this reason, a tolerance 
of 5% should be applied. Thus, by applying the voltage divider function: 
 
 
From the formula two voltages are known: Vo which corresponds the 5V of desired output and 
VCC which is equivalent to the 12V of the input voltage. 
 
To find the value of the two resistors, the value of the second resistor (for simplicity R2) will 
be imposed. The value chosen is 10kΩ. Therefore, now isolating R1 from the formula it is 
obtained that the ideal value (of R1) should be 14000kΩ that with 5% tolerance would be about 
14,7kΩ. Finally, the nearest normalized value is R1 = 15kΩ. 
 
 
Figure 41: Z-Probe X-Carriage holder 
7.3. Replacement of the X and Y axes articulation: 
● What? 
Replacement of the original belt for threaded rods (such as those on the Z axis). 
 
● Why? 
On the one hand, the belt works well and is a good solution. In fact, the great majority of 
existing printers use this X- and Y-axis translation system. This is because theoretically higher 
speeds can be reached with these (remember that it is not recommended to go over 60mm/s). 
On the other hand, in order to achieve higher speeds, resolution is sacrificed. It is for this last 
reason that I think it is a good improvement because, apart from more resolution, we also 
achieve more stability and rigidity in the axis. This means better results with minimal speed 
sacrifice. 
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In addition, it will not be necessary to tighten belts every ‘X’ impressions due to their 
deformation. The only maintenance that this change will involve, and that should not be done 
as often as with the other system, will be to keep the axles greased with lithium grease. 
 
 
Figure 42: Untensioned belts issue 
 
Finally, the new design of the X-axis parts will include the T8 nuts of the Z-axis traction, which 
was not considered with the serial parts. This caused misalignments in the vertical axis, which 
significantly affected the final appearance of the walls of the solid in question. Thanks to this 
improvement this has also been solved. 
 
  
 
 
Figure 43: X and Y axes led screw modification 
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7.4. X Carriage creation: 
● What? 
Design of a fixed support for the hot end. And it must also work with different modules: laser, 
dual extruder, multiple pens, z probe, etc. 
 
● Why? 
The ring of the initial base model was a temporary structure to be able to print the first pieces 
without spending more money on 3D printed pieces. Also, this was not a good option for large 
models printing as it is not 100% fixed to the Z-axis (it is a screw) and therefore at medium 
printing it tended to rotate relative to the Y-axis producing a misalignment of the part on the X-
axis. The design and printing of a new structure has eliminated this problem. 
 
In addition, the design has been designed in such a way that every time you want to change 
the tool you do not have to move any screws. The tool is assembled using a vertical guide so 
that the tool only must be inserted into the base module. 
 
    
 
 
Figure 44: Modular X-Carriage modification 
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7.5. Dual Extruder: 
● What? 
Design a structure to support two extruders in the same head. 
 
● Why? 
This is a great improvement as adding a second extruder next to the initial one allows two 
different materials to be extruded. Either to print objects with two different colours or, as well, 
to work with two different materials. 
 
A typical case when an object is printed with ABS, which is stronger and more expensive than 
PLA, is usually generated with PLA support (if necessary) that is more economical. In addition, 
in the future, this improvement will open the doors to be applied to the printing PCBs with PLA 
and tin. 
 
      
     Figure 45: Dual hot end holder   Figure 46: Dual Bowden extruders 
     
7.6. Conversion from direct extruder to Bowden extruder: 
● What? 
Remove the extruder from the X carriage and place it outside the printer axes, thus making it 
an "independent" extruder. Bowden Extruder is a filament transmission system that is not 
direct and therefore is not located next to the hot end or inside the typical extruder block. That 
is, this system places the extruder motor outside the dynamic structure of the machine and 
drives the filament through a PTFE hose. 
 
● Why? 
Just eliminating the weight on the X axis, the moving mass of this axis is eliminated, and 
therefore the inertia together with most of the vibrations. What is more, all this allows reaching 
higher printing speeds and it also makes it easier to disassemble the hot end when the printer 
is jammed, as the extruder holder does not have to be removed. 
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Figure 47: Direct and Bowden extruder differences [36] 
So, if with a direct system the maximum suggested printing speed is 60mm/s, with the Bowden 
system it is possible to exceed this speed without altering the quality of the results. 
 
7.7. Extruder support: 
● What? 
Design housing for the NEMA17 stepper motor of the extruder and avoid placing it in the 
printer frame, like most Bowden systems on the market. 
 
● Why? 
As mentioned above, it is common for Bowden extruders to be placed in the printer frame. 
However, this solution, which most people opt for, is not the best one, and it is done because 
of the lack of space around the printer. The justification for not opting for this solution is that 
the fact of adding more weight to the frame, in my case two motors with the corresponding 
MK8 extruders (~400 gr per pair), makes the usual oscillations more pronounced, thus 
affecting the printing results. So, the proposal is to place both extruders in the wood base of 
the printer using supports, to get both extruders as close as possible to the hot end without 
increasing the oscillations of the frame or the inertia of the X axis. 
 
 
Figure 48: Bowden NEMA 17 extruder holder 
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7.8. Printing fans 
● What? 
Design and print ducts for coupling layer fans. 
 
● Why? 
Apart from the fans that cool the sink, there are the printing fans. The latter are fans that cool 
the layer that has just been deposited in order to solidify the soft plastic. 
 
This way, printing results in small printing areas are much better because without this fan there 
is no time to cool the previous layer and when the nozzle passes through again it deforms the 
previous layer as it continues to deposit plastic. It will also reduce the wrapping effect on the 
corners of the printed model. 
 
In addition, this improvement makes it possible to make "bridges" since this new fan can be 
controlled via software and will be responsible for cooling the plastic more quickly when it is 
necessary to make a bridge, solidifying the filament faster and preventing it from falling off the 
structure. Similarly, retractions will also improve as the little plastic that remains when the 
filament is pulled out will solidify before it gets stuck in the previously deposited perimeter. 
 
      
Figure 49: Print fan modification 
 
 
   
Figure 50: Results with and without print fan [37] 
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7.9. Design of a fan support for electronics: 
● What? 
Design a 60x60cm fan support to cooling the electronic boards (Arduino and Ramps). 
 
● Why? 
Since the electronics are easily heated, a bracket has been designed to attach a 60x60 fan 
just above the two boards. In this way, the electronics are constantly cooled while the printer 
is turned on. It will also add a splash of colour to the back of the 3D printer. 
    
 
Figure 51: Electronics 60x60 DC fan support 
 
7.10.  Smoothers: 
● What? 
Add flyback diodes located in small integrated circuits to the stepper motor wiring. These PCBs 
will go between the Ramps and the motor connectors. 
 
● Why? 
The management of the power applied to the Stepper Motors by the PCB is done with an "all 
or nothing". It has been observed that this causes the motors to tremble when positioning their 
axis, so the results are as expected but could be improved. Regarding flyback diodes, they 
are characterized by the elimination of flyback: sudden voltage spikes that are observed 
through an inductive load. These diodes are usually connected in parallel to an inductor and 
are usually used in circuits where inductive loads are controlled by switches. That is why by 
placing them between the engines and the drivers, this negative effect will be avoided. 
 
● Implementation: 
Place the PCB with the 8 flyback diodes for each motor between the motor and the RAMPS. 
Therefore, cut and solder the ends of the X, Y and Z motor cables to the TL Smoothers 
connectors. 
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In addition, a ventilated box has been designed to protect them and place them all together 
on one side of the printer, thus preventing overheating, losing or entanglement of cables. 
 
      
Figure 52: 4 smoothers (X, Y, Z1 and Z2) case with a cooling fan 
 
7.11. Frame reinforcement: 
● What? 
Add reinforcing rods from the bottom of the Y-axis to the top of the Z-axis. 
 
● Why? 
RepRap's Prusa i3 model, with its 5mm thick frame, does not have much stability, since the 
only functional basis is the Z-axis motors. Therefore, to reduce oscillations or vibrations, it has 
been thought of adding reinforcement bars integrated into the structure by using parts printed 
with the same printer. Thanks to this improvement, the wobble can be reduced. 
 
    
Figure 53: Z-Axis reinforcement 
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7.12. Filament guide: 
● What? 
Incorporation of a guide to the frame to group the cables. 
 
● Why? 
Without this upgrade the cables are fixed to the extruder, but they move freely throughout the 
structure. With this guide the distribution of the wiring will be more orderly and the wiring will 
not get caught on any object, corner or printed object. 
 
     
Figure 54: Filament guide 
7.13. Dust filter: 
● What? 
Design a filter through which the filament is forced to pass in order to remove any dirt that may 
have been deposited along its surface. 
 
● Why? 
It is well known that dust is everywhere in the house, as the filament spool is no exception. 
This causes the filament to accumulate dust and this may get into the nozzle, causing an 
irreparable clogging. 
 
 
Figure 55: Filament dust filter 
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7.14. Runout Sensor: 
● What? 
Implement a runout sensor and design its support. 
 
● Why? 
Sometimes the filament breaks or ends in such a way that it cannot more be printed with 
because there is no longer a filament between the extruder gear and its pulley. If this happens 
and is not detected, the machine continues printing, leaving the impression halfway through 
with an irreversible result. However, if such a sensor is implemented, printing will be paused 
while waiting for a new filament to be reloaded. Once the printer has been recharged, it will 
remain at the same point where it was left, finally obtaining the desired part without any 
problem. 
 
● Sensor type: Switch or optical. 
 
● Choice:  
Switch sensor. Maybe the optical sensor it is more accurate, but the switch sensor is 
functional as it is simply a matter of detecting whether or not there is filament. In addition, the 
final choice has been made by the switch because due to the improvement of the Z probe, an 
end stop sensor was left over and therefore this improvement will have a 0 cost. 
 
 
 
● Implementation: The SW implementation has been described in chapter 6. Then for the 
hardware implementation the positive and negative cables of the connector must be 
interchanged because using an end stop on the servo0 port changes its polarity. 
 
Figure 56: End stops vs. servos polarity 
 
     
Figure 57: Filament runout sensor 
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7.15. Filament spool support (Dry Box): 
● What? 
Design a support for the filament spool. Moreover, place it inside an airtight container which 
is to be called a Dry Box. 
 
● Why? 
Initially, the printer made small impressions in which not much filament was needed, and they 
did not take long to finish, so I stayed supervising the printing and supplying the printer with 
filament manually. However, if the spool does not rotate on its axis, as it releases the filament 
it tends to twist and end up generating knots. Therefore, to be able to feed the machine the 
coil needs to rotate on itself to release the filament with the least friction (least possible 
resistance). 
 
● Support type: Stand support or wheel support. 
 
  
     
Figure 58: Stand support vs wheel support 
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● Choice:  
Wheel support. As it is a generic support, it is suitable for all types of spools and filaments, 
regardless of their weight, size or geometry. For example, a case study I have come across is 
the BQ supplier, which has a filament spool called Easy Go designed for one of its printers: 
Witbox. The coil is asymmetrical and a “stand support” would not work in this case. In addition, 
many coils have asymmetrical geometry and for this reason the final choice has been for the 
"wheel support" which also offers a lower friction surface and is therefore better. 
 
● Extra: 
At the same time, the PLA filament is very sensitive to moisture, which makes it brittle and it 
breaks with the stress exerted by the extruder. Therefore, it has been thought to take 
advantage of the fact that a new support has to be created, to put it inside an airtight container 
to isolate it from the humidity of the environment. Therefore, this "sub-improvement" consists 
of placing a rod in a hermetic box, insulating it from the outside humidity, and making small 
holes to facilitate the exit of the filament towards the extruder. 
 
 
     
Figure 59: Dry box wheel support 
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Figure 60: Silica bag inside dry box    Figure 61: Hermetic dry box 
     
 
   
Figure 62: Dry box details 
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7.16. Integrate multiple power supply to the structure: 
● What? 
Integrate a fixed multiple socket into the base of the structure. 
 
● Why? 
To connect a single cable to the network, i.e. only one cable comes out of the printer structure, 
and have different slots to plug in fans, the power supply or the laptop as a controller. This 
keeps order in place as the cables can be fixed and nevertheless the different objects can be 
left plugged in without having to be connected or disconnected one by one. 
 
      
Figure 63: Integrated power strip on the left-front side 
7.17. Auto-on/off improvement: 
● What? 
Make a circuit that can be used to turn off the printer after printing and start it up with a 
momentary switch or remotely as well. 
 
● Why? 
There are many makers who, due to the printing time of some parts and the noise they make 
at night, must leave the printer printing during the day. What is proposed is to use a Marlin 
command to automatically shut down the printer once the hot end has finished and cooled 
down. This improvement will provide some fire safety by avoiding leaving the printer on all day 
with a hot end that is on average 200ºC. In addition, even minimally, it will also reduce the 
power consumption of the machine as it will be less time on. 
 
● System type: Arduino module [38], conventional relay, solid state relay (SSR), MOSFET, etc. 
 
● Choice: SSR. Since it is as efficient as a MOSFET transistor but does not heat up as much as 
this one and is better than the conventional relay, as the latter has much more mechanical 
deterioration. 
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● Implementation: 
To implement it, just jumper the switch with the network cable on the AC side of the SSR, and 
on the other side (the DC, which is the main winding/enabler) connect the PS_On pins of 
Ramps 1.4 with those that the Software will govern the status of the SSR. 
 
      
Figure 64: SSR off and on 
 
 
Figure 65: SSR and Switch case 
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7.18. Remote control of the printer: 
● What? 
Design a system to control the printer remotely from an external device. 
 
● Why? 
As mentioned above, there are impressions that can take many hours. Therefore, it is 
important to solve the problem of not being able to print without much risk if nobody is at home. 
This improvement is intended to manage the auto ON / OFF from any device and manage 
which file to print or simply leave the printer ready to print in the time we take to get home. 
Therefore, this will allow long prints to be started from outside the home. 
 
● System type: Wi-Fi, Bluetooth, TeamViewer, etc. 
 
● Choice: TeamViewer. There are programs created specifically for the management of 3D 
printers, but many are fee-paying as is the case of Repetier-Server, which offers the possibility 
of temperature management or webcam, or use expensive private hardware, as is the case of 
Octoprint which is a free platform, but to get the printer synchronized with a server, we must 
use a Raspberry Pi that adds an additional cost. There is also the possibility of controlling the 
printer with an Android application using an Arduino Bluetooth or Wi-Fi module... however, 
Bluetooth is only useful if we are close to the printer and therefore did not meet the 
requirements of the upgrade, and the Wi-Fi again added an additional cost, so it has been 
discarded. 
 
Therefore, it has been decided to implement an existing platform used in other areas such as 
TeamViewer (a system known and implemented in the IT support for companies). This is a 
tool that does not add an additional cost because it is free, and it only requires an old laptop 
to connect to the Arduino and send commands to the printer or view the print from the built-in 
webcam. 
 
 
Figure 66: TeamViewer from PC to mobile phone 
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7.19. Video monitoring: 
● What? 
Add a fixed webcam to the printer that can be connected to a PC via USB. 
 
● Why? 
Following the same thread as the previous improvement, if the printer is left printing alone at 
home, it should be possible to monitor or stop it if printing has not turned out as intended, or 
when it is necessary. 
 
    
Figure 67: Webcam viewing 
 
7.20. Conversion to laser cutting and plotter: 
● What? 
Modify the structure to add a head in order to enable the CNC to perform laser cutting or 
convert it into a plotter. 
 
● Why? 
One of the objectives of the work is precisely this, to make a multitasking CNC. Therefore, the 
additional tasks chosen, have been: the cutting or engraving of wood or other materials using 
a 500mW laser, and to enable it to make drawings with a pencil, pen or marker. 
 
● Choice: There are many power values to choose between one laser and other. However, it 
has been decided to use a 500mW 405nm (blue light) laser because it is the first value in the 
power range which allows paper/cardboard cutting and even wood engraving. The next model 
in the power range (1W) with these features increased the price of the chosen model by more 
than double. 
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● Implementation: The SW implementation has been described in chapter 6. 
 
    
Figure 68: Modular laser tool 
 
 
 
     
Figure 69: Modular pen tool 
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Chapter VIII 
3D test and analysis of printing results 
 
8.1. Design of a 3D printing test 
For a careful comparison between different models of 3D printers is designed a 3D object that 
encompasses different parameters of the printer as the "wobble", the retractions, the "bridges", 
the "flow", the accuracy, etc.  
 
Below are four different views of the test from various viewing angles for easy visualization: 
 
 
 
Figure 70: 3D test views 
 
 
 
It consists of 11 evaluation areas spread over a total area of 4x4 cm. Next, an aerial view will 
be used with the different areas identified by colours to facilitate the location of the different 
explanations: 
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Figure 71: 3D test layout 
 
8.1.1. White square: 
 
This 2x2 cm cube is used to calibrate the 3 linear axes of 
the printer. In this way, the difference between the 
expected measure and the obtained measure can be 
compared. If the result does not coincide with the expected 
result, the number of steps of the axis in question must be 
modified (hence the X and Y sides are differentiated with 
the letter of the corresponding axis). 
 
The equation for modifying the value of the steps (steps 
that the motor stepper must perform to advance one 
millimetre) is as follows: 
 
 
 
New steps value= (Expected Res. / Observed Res.) * Current Steps 
 
In addition, the bucket has been designed to measure the thickness of the walls and to 
calibrate the flow rate (a parameter that changes the amount of plastic deposited in each pass) 
according to the result. 
 
Finally, the letter Z has not been added to the face of the corresponding axis in order to make 
a bridge and also measure bridging. Because the problem of overhangs is the Achilles' heel 
of 3D printing. 
 
 
Figure 72: Hollow cube test 
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8.1.2. Brown Circle: 
  
There are 2 types of tests above the calibration 
cube. The first one in the middle is a reduced 
diameter cylinder to make a very small layer time. 
This will show the effect of the print fan which 
cools the plastic and solidifies it before the nozzle 
passes over it again and deforms the previous 
layer. If the printer does not have a coating fan, 
the cylinder walls will not be uniform. 
 
 
Then, on each side of the cylinder, there are walls in the shape of a circle or rectangle. They 
are arranged from right to left from less to more thickness, the smallest width being 0.3 mm 
compared to the largest being 0.8 mm (0.1 mm between bodies). The circles will make it 
possible to evaluate the diameters obtained, a much more complex parameter as they are 
distances that cover two dimensions at the same time. Besides, this last one clearly shows 
deviations in roundness. If the result is not as expected, the flow rate or steps/mm of the printer 
must be changed. 
 
8.1.3. Rose square: 
 
This evaluation area consists mainly of 4 high and thin cones. The 
latter shall be responsible for evaluating extruder retractions. If the 
extruder does not remove enough material, it will generate threads 
between towers; if it extrudes too much material, the nozzle will jam, 
or the top of each cone will be missing. 
 
The aim of this test is to "play" with the extruder's retraction 
parameters, both the retraction speed and the amount of material 
removed, until the optimum value is reached. 
 
 
 
8.1.4. Light Green square: 
Another test is this kind of staircase that combines the ability 
to evaluate the steps/mm of the linear axes (which have 
already been seen) but more specifically, it can evaluate the 
calibration of the extruder (also associated with the 
retractions).  
 
Using the "Triffid Hunter" [39] method the extruder can be 
adjusted to the smallest detail, then with this part of the test it 
is possible to see if the extrusion is correct and make the final 
adjustments. 
 
 
 
Figure 73: Tob cube test 
Figure 74: Retractions test 
Figure 75: Stairs test 
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8.1.5. Purple, sky blue and yellow squares: 
 
The double bridge (purple sq.) at the back of the 
image will make it possible to evaluate the bridging 
capability of our printer. At the bottom left of this, a 2 
mm long bridge will be built, the one on the right will 
be 4 mm long, the last one in the row will be 8 mm, 
and the one on the top will have a total length of 16 
mm. The longer the bridge the greater the effects of 
the layer fan, which will prevent the first layers from 
hanging down. 
 
 
 
At the bottom left of the image, there is a resolution test, which shows the calibration of the 
axes and their tolerances over the minimum distances. From left to right there are surfaces 
from 0.1 mm width to 1 mm (right). To finish this area on the right is a pyramid, whose purpose 
is to evaluate the resolution of the layer height and the surface finish. 
 
8.1.6. Dark Green Square: 
 
It is estimated that, in FDM technology, so that 
the use of supports is not necessary, and the 
finishing of the piece is adequate, the 
maximum angle of an overhang with respect to 
the vertical should not be greater than 45 
degrees, since from then on it is not 
guaranteed the finishing or precision that it 
could have. 
 
 
This area tests just that aspect: overhang. Its design will reveal what is the maximum 
inclination, in the wall of an object, which is capable of obtaining the printer without the aid of 
external supports. From left to right the complexity is increasing: to the left there is an 
inclination of 0º that would be the usual one then 15º, 30º, 45º and 60º follow. 
 
 
 
 
 
 
  
Figure 76: Bridge, resolution and pyramide tests 
Figure 77: Inclination test 
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8.1.7. Orange and dark blue squares: 
 
  
Figure 78: Spherical tests 
 
The two hemispheres above will test the resolution capability of the 3D printer. As these are 
surfaces with a slight inclination between layers, the separation between them will be visible 
if the resolution of the machine is poor. In this way, the final result can be optimized. 
 
8.1.8. Red square: 
In the last test, the inner diameters of the holes will be tested. This will evaluate the printer's 
accuracy and distortion. 
 
 
 
 
 
 
 
 
 
 
 
Finally, a text engraved in the lower base of the test has 
also been added. These shallow letters at the bottom 
clearly reveal typical first-layer-squashing. In this way, the 
minimum distance between the nozzle and the hot bed can 
be carefully adjusted. 
 
A popular trick for its calibration is to use a piece of paper 
and place the nozzle as close as possible to the base. This 
way the nozzle must touch the paper slightly, but it must 
allow its free movement. 
  
Figure 79: Holes test 
Figure 80: Bottom text test 
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8.2. Results obtained and comparison with some 
commercial 3D printer 
8.2.1. Results obtained 
Below are 5 calibration cubes to help visualize the effect of improvements in the results 
obtained during the course of this work. Note that the impressions of the different calibration 
tests have been made at different moments of the year, so the ambient temperature was 
different, and this could have affected the performance of the electronics and the state of the 
filament. 
 
 
 
Figure 81: Calibration cubes 
 
 
Figure 82: Y-Axis face of calibration cubes 
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The first cube located further to the left is the first impression made by the printer of this work. 
 
     
 
     
Figure 83: First cube results 
 
 
As you can see, the upper layers did not finish well because they were displaced in the Y-axis. 
In addition, the visual difference between layers is very noticeable and the result of the first 
layer is not optimal. 
 
For this reason, the stability of the Z axis was improved (to avoid displacements in the other 
two axes) and the Z probe was also added with the intention of improving the adhesion of the 
first layer. With all this the second cube on the left can be observed: 
 
  
 
Report      
77 
 
     
 
     
 
Figure 84: Second cube results 
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Figure 85: Differences between 1st and 2nd cube 
In this second model there is no longer any displacement in the axes and the first layer has 
improved significantly. However, there are still porous between layers and the Z-axis 
dimensions are smaller than desired (18mm instead of 20mm). 
 
Therefore, a spool support for the filament was added to the printer (improvement: dry box) to 
facilitate the feed of the filament to the extruder and to improve the filament humidity conditions 
to make the porosity disappear. In addition, it was also changed the slicer (from CURA it was 
moved to Slc3r) hoping also to improve the dimensioning of the Z axis. The middle cube is 
presented below: 
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Figure 86: Third cube results 
 
 
Figure 87: Differences between 2nd and 3rd cube 
The main failure in the third improvement results is evident in the finishing of the top layer, 
despite having improved the porosity of the walls and the dimension along the Z axis, is seen 
as the filament in the top layers suffers some deformities. 
 
So, it was decided to add the layer fan, or also known as printing fan, as well as placing some 
smoothers between the motherboard and the motor. The aim of this improvement was to avoid 
filament deformities and to improve the finish of the walls. 
 
This is how the evaluation of the penultimate cube begins. That in spite of having the letter X 
a little disfigured by not tightening well the corresponding belt, no longer suffers deformities 
along the filament layers, and in addition their smooth walls look better. 
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Figure 88: Fourth cube results 
 
 
Figure 89: Differences between 3rd and 4th cube 
On the one hand, this fourth cube looks better because it is the first cube to have the 
dimensions of the three axes identical to each other, although the precision of these could be 
improved. On the other hand, it is possible to improve other aspects such as the tightness of 
the belts which, if not correct, significantly affects the results. 
 
This is why this last calibration cube was made once the belts were replaced by worm screws 
(like those of the Z axis). This is how much more resolution is obtained in the X and Y axes, 
since a toothed belt cannot be "half toothed" because it would jump to the next one. In addition, 
the effect of de-tensioned belts is not possible. 
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In this way the quality can be appreciated in all letters and the precision in the dimensions of 
the X and Y axes: 
 
      
 
     
 
Figure 90: Fifth cube results 
 
   
 
Figure 91: Last cube dimensions 
 
 
Figure 92: Differences between 4th and 5th cube 
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8.2.2. Comparison with other 3D printers. 
This section will compare the results obtained with three commercial 3D printers: Creality CR-
10, Leon3D Legio and Zotrax M200. 
 
Prusa i3 RW: 
 
The printer of this project, inspired by a Prusa i3, is based on an 
open model of which each one can make his own versions and 
make his own, thus lowering the market price considerably. Its 
printing base is optimal, and the other features have also been 
optimized throughout this project. Moreover, it should be 
emphasized that this printer has a dual extruder which is an added 
value over the rest of the machines. 
 
 
 
 
Creality CR-10: 
 
This printer is currently considered the best printer in terms 
of value for money. In addition, it has a largest print base 
towards the project ones and it is robust because its 
structure is made of steel profiles. But its price is 155€ 
higher than the printer in question and therefore leaves 
some room for manoeuvre with respect to the printer in this 
project.  
Figure 94: CR-10 printer model 
Figure 93: Prusa i3 Model 
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Comparison summary table:  
 
In table 10, a comparative summary between the different commercial models of 3d printers 
can be observed: 
 
 Total Volume (mm^3) Usable volume (mm^3) Ratio Price 
Prusa i3 RW 460 x 380 x 430 250 x 250 x 250 4,81 192,13€ (*) 
CR-10 615 x 600 x 490 300 x 300 x 400 5,02 348,84€ 
  (*) Price of the second item based on a purely 3D print comparison 
 
Table 10: Specification of 3D Comparison Printers 
 
First, if we look strictly in terms of 3D printing, as far as the specifications of the comparison 
is concerned it can be observed that the CR-10 has a larger printing base and greater 
robustness, despite the fact that the ratio of useful volume to total volume is lower than that of 
the Prusa and the latter has a double extruder. Furthermore, with respect to the comparison 
of the results (see photos below) it can be observed that there is no big difference with the 
best value for money printer available on the market. 
 
Taking a look at the back of the test, it can be seen that the overhang test is not well designed 
and the result in both prints was not the desired one. Also, as for the pyramid, it is better 
defined in the CR-10 print (blue) but as for the spherical test has better definition in the Prusa 
i3.  
 
     
 
Figure 95: Back side test 
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On the left side of the test, the Y face of the hollow cube can be seen. In this one, it can be 
observed that the white test has a greater uniformity as well as less agglomerations of plastic 
excesses. In the same way it can also be observed that the upper cylinder designed for testing 
print fans has come out more uniform in the CR-10, surely due to the main disadvantage of 
the Bowden system that when it must retract continuously worsens the results (the motor is 
farther from the nozzle and the reaction is later) in benefit of greater precision in other aspects 
due to the lower inertias in the carriage. 
 
     
Figure 96: Left side test 
 
As for the right side of the test, it can be seen at first, that the retraction test is much better in 
the Prusa i3 that leaves hardly any filaments between posts. This is due to a better calibration 
of the extruder to perform this test. However, at distances shorter than this part of the test, the 
Prusa i3 leaves a little more filament than the CR-10, due, again, to the Bowden system. 
 
 
   
Figure 97: Right side test 
 
In the images below, the retraction test can be seen from another perspective, as well as a 
smoother X-axis face of the hollow cube. 
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Figure 98: Front side test 
 
If we look at the test from the underside, one can see that the inside of the hollow cube as well 
as the first hollow layer is much better in the white colour test. Also, the first layer made by the 
Prusa i3 is much smoother than the Creality. However, the fact of bringing the nozzle closer 
to obtain the previous result, has made the text look a bit better in the blue test. Finally, the 
resolution test is practically the same, so this test will be given as a tie. 
 
 
Figure 99: Bottom side test view 
 
From an isometric perspective of the test, it is possible to look better at the cube-stairs test, 
which look more or less the same, but the dimensional test below declines the result in favour 
of the Prusa i3. In addition, it can also be observed what mentioned above of the plastic 
residues during travels between solids that are somewhat more excessive in the printing of 
the Prusa. 
  
Figure 100: Isometric test view 
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Without considering the threads of the retractions during the travels, it can be observed that 
the holes of the white test are more uniform than those of the blue test as well as the result of 
the block of this test. However, the test of the inverted sphere can be considered another tie 
since both are very similar and the scale of the test (small) to make the test faster at the time 
of printing, makes a more exhaustive evaluation difficult. 
 
     
Figure 101: Holes and inverted sphere test detail 
 
Another test to evaluate is bridging, which as can be seen in the images below, the test 
performed by Prusa looks cleaner and in turn has better defined bridges thanks to the 
improvement of fan print. 
 
      
Figure 102: Brindging test detail 
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Finally, one of the most important tests is the dimensional test of the nominal measurements. 
In the following images according to the dimensions specified below, the white test and 
therefore that of the Prusa i3 is much more accurate to the expected results and dimensions 
that are:  
- Hollow cube sides 20mm. 
- Hollow cube thickness 1mm. 
- Sides of each cube of the cube-stairs 2,5mm. 
 
Other dimensions such as holes or top shapes could not be measured because they are very 
close together due to the reduced scale of the test, the improvement of which should be 
included in the "Next Steps". 
 
              
 
         
 
  
Figure 103: Dimensional test results 
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Prusa i3 wins:  Hollow cube, retraction test, semi-sphere test, bridging test, cube-stairs test,  
first layer smoothness, dimensional test and holes test. (8) 
 
CR-10 wins: Bottom text, resolution test, print fan test, travel retraction, top cube shapes test 
and pyramid. (6) 
 
Draw: Resolution test, inverted sphere test and overhang test. (2) 
 
 
 
Figure 104: Comparative chart 
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Chapter IX 
Economic Analysis 
 
Like any project, this work has behind it an economic analysis which will show the fulfilment 
of the main objective which is to achieve a low-cost CNC. In this way, this section will evaluate 
economically the project in general, as well as the printer in its different phases of 
development. 
 
9.1. General Budget 
 
To this end, the following table (11) shows the breakdown of hours and the material needed 
to carry out this work: 
 
Product Units Price (€) Subtotal 
Workshop hours (h) 300 10,00 € 3.000,00 € 
Design hours (h) 100 10,00 € 1.000,00 € 
Printing hours (h) 44 0,04 € 1,85 € 
Printing Material (spools) 3 14,99 € 44,97 € 
3D printer budget (item 3) - - 221,64 € 
TOTAL 4.268,46 € 
 
Table 11: General Budget 
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9.2. Itemized budget 
 
In addition, below are three tables (12, 13 and 14) that show the cumulative price of each of 
the three phases of this project (base model, upgrades and multitasking) evaluating 
economically each item necessary for each of the phases. 
 
 
9.2.1. 1st Item: 3D Printer Base Model Construction 
 
Product Units Price (€) Subtotal 
Hardware (Arduino + RAMPS) 1 13,71 € 13,71 € 
LCD 1 5,80 € 5,80 € 
5 Stepper Motors 1 35,05 € 35,05 € 
Hot end E3D Clone 1 8,67 € 8,67 € 
End stops 3 0,31 € 0,93 € 
Heat bed Glass 1 5,10 € 5,10 € 
Power Supply 1 14,90 € 14,90 € 
Extruder 1 2,50 € 2,50 € 
Smooth rod (320mm) 2 2,97 € 5,94 € 
Smooth rod (350mm) 2 3,20 € 6,40 € 
Smooth rod (370mm) 2 3,47 € 6,94 € 
Threaded rod (350mm) 2 3,22 € 6,44 € 
PACK 1 10,05 € 10,05 € 
2 Pulley + 2m GT2 belt 
2 Motor coupler 5x8mm 
12 LM8UU 
4 Bearing 624 
1 Bearing 608 
   
3D printed parts 1 11,73 € 11,73 € 
Bed and frame 1 15,00 € 15,00 € 
Ironmongers hardware 1 15,91 € 15,91 € 
 
TOTAL 165,07 € 
CR-10 348,84 € 
DIFFERENCE 183,77 € 
Table 12: First Item of the Budget 
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9.2.2. 2nd Item: Upgrades 
 
Product Units Price (€) Subtotal 
Hardware (Arduino + RAMPS) 1 13,71 € 13,71 € 
LCD 1 5,80 € 5,80 € 
5 Stepper Motors 1 35,05 € 35,05 € 
Hot end E3D Clone 1 8,67 € 8,67 € 
End stops 3 0,31 € 0,93 € 
Heat bed Glass 1 5,10 € 5,10 € 
Power Supply 1 14,90 € 14,90 € 
Extruder 1 2,50 € 2,50 € 
Smooth rod (320mm) 2 2,97 € 5,94 € 
Smooth rod (350mm) 2 3,20 € 6,40 € 
Smooth rod (370mm) 2 3,47 € 6,94 € 
Threaded rod (350mm) 2 3,22 € 6,44 € 
PACK 1 10,05 € 10,05 € 
2 Pulley + 2m GT2 belt 
2 Motor coupler 5x8mm 
12 LM8UU 
4 Bearing 624 
1 Bearing 608 
   
3D printed parts 1 11,73 € 11,73 € 
Bed and frame 1 15,00 € 15,00 € 
Ironmongers hardware 1 15,91 € 15,91 € 
Solid State Relay: SSR-25DA 1 2,55 € 2,55 € 
Mom. Switch LA38-11 NO 1 2,00 € 2,00 € 
Lead Screws 2 1,25 € 2,50 € 
Threaded Rod (350mm) 2 3,22 € 6,44 € 
Stepper Motor NEMA17 1 6,74 € 6,74 € 
Hot end 1 4,04 € 4,04 € 
Extruder 1 2,79 € 2,79 € 
 
TOTAL 192,13 € 
Increase 27,06 € 
CR-10 Dual 662,50 € 
DIFFERENCE 470,33 € 
Table 13: Second Item of the Budget 
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9.2.3. 3rd Item: CNC Multitasking 
 
Product Units Price (€) Subtotal 
Hardware (Arduino + RAMPS) 1 13,71 € 13,71 € 
LCD 1 5,80 € 5,80 € 
5 Stepper Motors 1 35,05 € 35,05 € 
Hot end E3D Clone 1 8,67 € 8,67 € 
End stops 3 0,31 € 0,93 € 
Heat bed Glass 1 5,10 € 5,10 € 
Power Supply 1 14,90 € 14,90 € 
Extruder 1 2,50 € 2,50 € 
Smooth rod (320mm) 2 2,97 € 5,94 € 
Smooth rod (350mm) 2 3,20 € 6,40 € 
Smooth rod (370mm) 2 3,47 € 6,94 € 
Threaded rod (350mm) 2 3,22 € 6,44 € 
PACK 1 10,05 € 10,05 € 
2 Pulley + 2m GT2 belt 
2 Motor coupler 5x8mm 
12 LM8UU 
4 Bearing 624 
1 Bearing 608 
   
3D printed parts 1 11,73 € 11,73 € 
Bed and frame 1 15,00 € 15,00 € 
Ironmongers hardware 1 15,91 € 15,91 € 
Solid State Relay: SSR-25DA 1 2,55 € 2,55 € 
Mom. Switch LA38-11 NO 1 2,00 € 2,00 € 
Lead Screws 2 1,25 € 2,50 € 
Threaded Rod (350mm) 2 3,22 € 6,44 € 
Stepper Motor NEMA17 1 6,74 € 6,74 € 
Hot end 1 4,04 € 4,04 € 
Extruder 1 2,79 € 2,79 € 
Laser 500mW 1 25,96 € 25,96 € 
Rotring 1 3,55 € 3,55 € 
 TOTAL 221,64 € 
Increase 29,51 € 
 
Table 14: Third Item of the Budget 
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Chapter X 
All in all 
 
10.1. Main Difficulties 
During the improvement of the "Dry Box", the extruders were designed to be incorporated into 
the box due to the sensitivity of the PLA to moisture (which makes the filament more fragile 
and brittle). This thought was based on the fact that the heat itself generated by the non-
idealities of the engines would help to reduce the relative humidity inside the box. However, 
although this was achieved, the fact that the extruders were so far away from the hot end 
increased the filament distance to be supplied and thus the friction force exerted by it, which 
also increased the force required by the engine. Finally, it was decided to reduce this 
separation between the two components and redo the proposal again. 
 
On the other hand, one of the most complex things has been to make the pieces aesthetically 
pleasing. As I have the minimum graphic design skills, the visual aspect of the proposed 
functional pieces has been limited. Also, because the printer has some tolerances in the 
dimensions of the results, the parts that had to fit into each other did not. Well, it was hard to 
find the optimum dimensions. 
 
Many of these pieces, being a bit complex, need supports for printing as they have overhangs 
and small nooks and crannies. It took me a while to start printing with supports until I found an 
independent program (Meshmixer from Autodesk) to the slicers that gave me a great chance 
to customize these supports. 
 
Also, in many of the prints the printer was jammed due to a lack of experience, bad fit between 
hot end components or the high temperature of the sink. These clogs were cumbersome as 
they require disassembling the entire hot end to clean it thoroughly. 
 
Finally, since it was not very common to implement a laser using the hardware of 3D printer, 
not much information was available for the laser upgrade. So, it took me some time to find the 
final solution after a thorough investigation of the firmware and hardware used. 
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10.2. Next Steps 
A possible continuation of this work, could be the study and development of a 3D Scanner 
whose function was to scan things to copy some figures, as well as avoid editing and modelling 
parts or to be able to scan human people or their faces. Otherwise, this printer design could 
also be used to develop fundamental parts for other projects. 
 
In the future I would like the printer to be able to manufacture custom PCBs either by printing 
conductive material or tin plus plastic, or by laser engraving. In this way, small modules could 
be created to reduce wiring among many other applications. 
 
I would also like to reduce the possibility of jams in the hot end mentioned in the previous 
section. That is why I am designing a method of water cooling that with O-rings and a piece of 
hose seal the sink of the E3D V6 to circulate water through it, instead of air, to cool it more 
effectively and quickly. 
 
In addition, it would also be possible to make the two Z-axes solidary. That is to say, with more 
time and budget, only one Z motor could be used and with a system of pulleys and belts it 
would be possible to make both axes break identically... since actually it could be that from 
time to time there are possible synchronization faults between both axes. 
 
Another improvement that can also be made regarding the Z-axis would be to improve the 
quality of the Z-probe reading signal. In this way, a better adjustment of the nozzle to the 
printing bed would be reached. Thanks to a band-pass passive filter (to be implemented in the 
future), it would be possible to isolate the interference caused by the PWM signal of the 
stepper motors of the axes (20kHz), by the power supply, by the PWM of the extruder (63 Hz) 
and also by small vibrations lower than 3Hz caused by the acceleration and inertia of the 
movement of the head. Next, the schematic of this electronic filter is shown, which is 
composed of a low-pass filter (which deals with the lower frequencies 290Hz) followed in 
cascade by a high-pass (filters frequencies higher than 310Hz). 
 
 
Figure 105: Schematic passive passband filter 
 
Finally, I think it is also possible to improve the infrastructure and place the printer inside a 
cabinet in order to reduce the noise generated by printing. In addition, the fact that it is inside 
a box would mean that the heat generated during printing would be reused to acclimatise the 
environment to a higher temperature and, for example, favour the adhesion of the prints to the 
base. 
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10.3. Conclusion 
First of all, as far as the evaluation of the objectives of this work is concerned, it must be said 
that they have been more than fulfilled. On the one hand, has achieved a final budget of 220 
euros after an exhaustive study of the components of the 3D printer, this means that there is 
a difference of more than 400 euros with the best 3D printer current money for value. On the 
other hand, the machine has been successfully upgraded to a laser cutter and plotter and has 
also equalized and surpassed certain aspects of the 3D print quality of the comparative test 
seen in chapter 8. 
 
Then, it is necessary to say that I had to extend the realization of this project for half a year 
more because during the whole 4th year I have been working in Continental Automotive S.A. 
That, has made it difficult to reach the initial delivery date because I had to combine my studies 
with the job. For this reason, I preferred to extend the duration of the project to be able to 
develop it with more time and better. 
 
I believe that this is a work that encompasses all the aspects I have learned in these 4 years 
of my degree, starting from the base (electronics) through graphic expression and design, 
mechanical fluids, study of mechanical structures, economics or the electrical part of the power 
supply and its current filters. 
 
In addition, many times, it has awakened in me that inventor's vein that, in a certain way, 
characterizes the engineers since there are many problems that do not have a fixed solution 
and often an alternative must be devised to find an optimal result. 
 
Finally, I still believe that this technology is the future of the industry and many other sectors, 
although it is already being talked about at present, but in the future the costs will become 
cheaper and the quality of the results will increase. 
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ITEM NUMBER ITEM NAME ITEM MATERIAL ITEM UNITS
1 NEMA 17 Motor - 1
2 5x8mm Coupler Iron 1
3 X-Axis Motor Holder PLA 1
4 LM8UU Bearing Iron 8
5 T8 LeadScrew Nut Brass 4
6 8mm 370 Smooth Rod Iron 2
7 8mm 350 Lead Rod Iron 2
8 X-Axis Idler PLA 1
9 EndStop - 1
10 X-Axis Carriage PLA 1
11 Dual HotEnd Holder PLA 1
12 E3D V6 HotEnd Aluminium 2
13 Dual HotEnd Lid PLA 1
14 Double Fan Duct PLA 1
15 40x40 DC Fan ABS 1
16 30x30 DC Fan ABS 1
17 Z-Probe Holder PLA 1
18 X-Axis Motor PLA 1
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ITEM NUMBER ITEM NAME ITEM MATERIAL ITEM UNITS
1 Template Glass Glass 1
2 Metal Base Aluminium 1
3 M10 380mm Rod Iron 2
4 Y-Axis Idler PLA 1
5 Y-Axis Corner PLA 4
6 M10 370mm Rod Iron 2
7 8mm 370 Smooth Rod Iron 2
8 LM8UU Bearing Iron 3
9 T8 Leadscrew Nut Brass 2
10 Y-Axis Carriage PLA 1
11 8mm 320 Lead Rod Iron 2
12 EndStop - 1
13 Y-Axis Motor PLA 1
14 5x8mm Coupler Iron 1
15 NEMA 17 Motor - 1
16 M10 210mm Rod Iron 2
17 Prusa i3 Carriage Base Wood 1
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1 LCD 20X04 - 1
2 LCD Case PLA 1
3 Top Reinforcement PLA 2
4 M6 380mm Rod Iron 2
5 Bot Reinforcement PLA 2
6 Z-Axis Top-Right PLA 1
7 Z-Axis Bot-Right PLA 1
8 5x8mm Coupler Iron 2
9 3D Printer Structure Wood 1
10 Z-Axis Bot-Left PLA 1
11 NEMA 17 Motor - 2
12 Arduino Mega - 1
13 RAMPS 1.4 - 1
14 8mm 320 Lead Rod Iron 2
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1 30mm DC Fan ABS 1
2 40x40cm Base Wood 1
3 NEMA 17 Motor - 2
4 Extruder Holder PLA 2
5 MK8 Extruder Aluminium & Brass 2
6 Expansion Base Wood 1
7 SSR & Switch Case PLA 1
8 12V Power Supply - 1
9 3 Power Strip Plastic 1
10 Bot Smoother Case PLA 1
11 Top Smoother Case PLA 1
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